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Ideals in Modern Drainage. Work 

Notes on the Progress made in Plumbing and Sanitary Engineering 
Bf Frederick C Cook. M.R.San.l.. M.S.I.A.. R.P. 

Past Chairman, National Association of Plumbing Teachers 


S ANITATION in this country has made 
great advance during the past loo 
years, while the standard of sani- 
tary construction compatible with 
hygienic principles was left to the in- 
ventive genius ef sanitarians of compara- 
tively modern times. 

One could quote amongst others. 
Chadwick, Hellyer, and Clarke, who 
devoted their lives energies to the 
advancement of sanitary science, and 
succeeded in revolutionizing the insani- 
tary conditions which prevailed in their 
time, forming basic principles on which 
t'volutionary progress has provided the 
sanitarv amenities prevalent in our homes 
toaay. 

The town dweller has simply to turn on 
a tap, lift a plug, or discharge a flushing 
cistern, and he can be assured that the 
discharge from the fitments are being 
dealt with in an hygienic manner. 

Drainage 
lOld and Modern 

In dealing with modern drainage w^ork, 

" which includ^'s the installed fitments, 
together with the piping necessary to 
carry their discharges to the sewer, it is 
w^ell to «eflecf on past sanitation to 
appreciate present day conveniences. 

• Omitting to record details of the crudity 
in sanitation of past generations, when 
drainage consisted of an open water 
course, one finds that the first drains were 
constructed of tri^ k, which formed a rect- 
angular •closec^ channel, followed at a 
later date by *carthenw'are pipes with 
shallow sockets for which clay w^as used 
to form the joints. 

In 1845, glazed stoneware pipes were 
first used, and with a deeper sock^^t, the 
joint being made with cement. A . milai* 
pipe .is yi general use today. 

Iron drains werCi first introduced in the 
^ 18S0S, to enable drains to be laid unc^r 
* buildings. In the absence of acid dis- 
charge^ iron drains arf undoubtedly the 
most suitable, afe essential whefe 


construction conditions call for them to be 
susp^ended from the ceiling, or supported 
by wall cantilevers. 

In the London area, where buildings of 
8 to 10 floors arc above ground, and 2 or 
3 floors below ground, sj)ecial considera- 
tion is nccessar^^ in devising the drainage 
system, due to the sub-baseiiK'iit floor 
being w’ell below the towai sew'er, w'hich 
requires some of the sewage to be con- 
served for a time, and liberated by jnim]) 
action. 

Water Closets over 
160 Years 

A NUMKKK of attempts were made to 
^ produce a serviceable water clo.set to 
supersede the privy, wliich was virtually 
an opxm cesspxx)!, and frequently situated 
w'ithin the house. In 1790, the “pan and 
container " w^as introduced, wdiich with 
improvement to its flushing apj>aratus 
found favour for many yc^ars. I had one* 
removed as recently as 1930. 

This type was follow’ed by the vahe 
closet, many of which in modernized form 
are in use today. Hellyer did much to 
perfect this form of water closet. 

Various types were in vogue tor a time, 
such “|)hig closet,” “w&sh-out," 'Tong 
hoppe ' all of which are now j^rohibited 
on the ground of being not self-cleansing. 

The present ty{)es arc pedestal and 
siphonic. The former has found favour 
for many years, and has p)royed itself to 
be an hygienic fitment. The lattc^r is 
considered to be the acme of perfection. 

Water Supply For 
Clostts 

\^E in .Britain are very conservative 
^ ^ with our water supply to closets, 
allowing ^ f.Iy 2 gall, for flushing purposes, 
which has to carry waste matter through 
the drains to the outgo, irrespective of its 
length. The U.S.A. provide a minimum 
of 4 gall., and permit the use of an auto- 
matic flushing valve in lieu of a flushing 
cistern, which is prohibited in the London 
area. 


IX 
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Tlie early flushing apparatus to closets 
consisted of a rubber seated lead drop 
valve, fitted to ftie head of a i in. dia. 
flush pipe, situated within the drinking 
water cistern. The main water supply to 
the cistern usually functioned for i hour 
per day under the then intermittent 
system of water supply. 

When separate flushing cisterns were 
first introduced a similar drop valve was 
installed, which permitted a waste of 
water w'hcn the seating of the valve was 
defective. This type is now prohibited by 
the Water Board, and a valve-less tyi)e 
substituted. 

From an appearance point ot view the 
“low-down suite,” consisting of a pedestal 
(doset and a porcelain flushing cistern to 
match, both in design and colour, and 
fixed immediately above the closet, is 
finding favour, and largely used for 
high-class flats. 

The Modern Baths, 

Basins and Sinks 

arc the days when one took one’s 
^ daily ablution in a hi]) bath, placed 
on the bedroom floor, which required 
filling and cinj^tying by hand. 

The early cast iron bath was coated 
with enamel, and stoved; i.e. baked to 
harden the enamel, necessitating periodic 
renovation. The present day bath has a 
permanent glazed face, which is formed by 
})owdered glass applied to the surface 
while the bath is in a white-hot condition. ' 

Some modern baths arc constructed in 
one piece whidi includes the front panel 
and one end panel, while the water is 
supplied by means of a mixing valve, and 
emitted through one orifice; with a shower 
atta*^chment, and all chromium plated 
fittings, thq. fitment is an object of beauty. 

Independent shower baths found favour 
in high-class flats prior to the last war, and 
I have wondered why they are not more 
frequently ased, particularly for artisans’ 
dwellings, seeing that they effect econotny 
not only in the use of hot water but also 
in floor space. 

The feature of the early wash-bowl was 
the mahogany cabinet which invariably 
^surrounded it, giving support to the bowl 
and concealing the waste water container^ 
which required emptying by hand, the 
water being supplied from a metal water 
can. 


The modern basin, with its weir over- 
flow, cast in shelf supported by a chromium 
plated towel-rail stand, together with 
fittings and other accessories, forms a 
feature of the bathroom. The installation 
of a basin in the bedroom is an acquisition 
which adds greatly to the amenity of that 
apartment, particularly if it is a family 
flat or house. 

The shallow york stone sink, fitted with 
a loose metal bell trap with the base 
cemented to an earthenware pipe and 
connected to the house drain, lias long 
given way to the glazed fireclay deep sink 
with its self-contained Overflow. One 
rarely sees the Icadlined butler’s pantry 
sink, which at one time was very popular 
in large houses. A more recent innovation 
is the stainless steel sink which, with its 

draining boards ” of similar metal and 
set within a cabinet, forms a treasured 
possession of any housewife. 

Yerticai Soil and 
Waste Pipes 

The most popular metal used for these 

■ purposes is coated cast iron. The 
introduction of a recess in the top astragal 
of the socket now renders it impossibli' 
for the well-caulked lead forming the joint 
to ” creep,” which was possible without 
the recess, particularly when warm water 
passed down tiie pipe. 

Copper was frequently used for main 
stacks prior to the Secfind World War. 
and provides a first-class job. Its post- 
W'ar cost usually renders it prohibitive. 

I was associated with one buiWing w'hjch 
contained some 850 bathrooms, with the 
plumbing work constructed entirely \)f 
copper pipe, using half-inch dia. services 
to some of the fitments, up to 4 inch dia. 
for soil and waste pipes. From inquiries 
made, I learnt that no. trouble had been 
experienced during the 13 years ofvonsf^it 
use. 

The One^pipe System 
(Combined Soil and Waste Pipe) 

In modem buildings, whether they are 

■ flats, offices, hotels, or business 
'•premises, the vertical drainage is invari- 
ably carried out on the one-pipe^ system, 
t.e. one main waste pipe which may or 
rqay not receive^ the discharges from soil 
fitments. The waste pipe discharges direct 
to the drain withdjit the interposition of a 
gully trap. From^ hygienic point of view, 
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the omission of the gully trap is in my 
opinion its principal virtue. 

In the London area, prior to 1034, the 
year of By-law sanction of “ One-pipe.” 
all soil and waste pijxis were kept separate ; 
soil discharging direct to the drain, waste 
j)it)e discharging into a gully trap. During 
that |xiriod a number of high-class flats 
were constructed which when occupied 
set the i^erplexing problem of how to 
obviate the nuisance which arose* due to 
.soap-suds flooding a large area around the 
gully. By sealing the gully, the soap-suds 
would mount up within the main waste* 
pipe, while the next discharge from the 
upper floors would force them through 
the lower branch wjiste pipe trap into the 
litment to which it was attached. The 
cause of the trouble was due to the waste- 
ful usage of soap powders by the tenants 
on the upper floors, which caused the soa])- 
laden discharges to break up into foam 
(luring its long drop to the gully. 

Against the Foul^ Water 
Gully 

To obviate this condition, the gully was 
* sealed to prevent surface flooding, and 
the lilmentson the two lower floors were dis- 
charged into a separate waste |)ipe, while 
the anti-si])honage ])ipes were coniu ‘ted 
to the main A.S.P. on the 3r(l floor. This 
condition cannot arise wheh the one-pipe* 
.system is installed s(?eing that no gully is 
installed (other 4 han K.\N\ gullic^s) and 
the discharges go (lin*ct to the drain. 

1 cannot speak too strongly in disconrag- 
inp^the usP of flic foul water gully when! 
possible ; one has only to examine one’.s 
o\fn hou.se gully to appreciate the in- 
sanitary condition which arises from in- 
crustation of soap and other fats, together 
with general liUh, which decompose and 
])erjjieate the surrounding atmosphere 
with fouf gases.# , 

Economy is another factor in favour of 
the system, particularly when irsed on tall 
buildings, .seeing that only two vertical 
stacks are required as against four stacks 
under the older system. 

Advantages of Plumbing 
. ^ Ducts 

Tufe days when one admired weil 
* ■ planned . and . neatly executed 
plumbing .work displayqfl on the external 
wall are over, which feminds me of 4 


famous New ^'orker who, when visiting 
this country some yiars ago, was asked 
for his first imiiressioii, ami .Tsserted that 
he had not seen so many jxitritied worms 
decorating buildings before ! 

The trend of modem architecture is 
to house the entire plumbing w'ork within 
the building. To do this, it is necessary 
to gi\'e up floor space to form a ])lumbing 
duct, which invariably is inadequate. 
|)articularly if repairs or alterations have 
to Ix! made. 1 was interested in one large 
hotel where ade(]uate sjiace was provided ; 
it measured S ft. by 5 ft. extending 
vertically for i*ight floors ; in addition 
to all plumbing .services, other trade 
services were included. 'I'lurre were 5(1 
such jflumbing duets in the building. 

Internal Sanitary 
Apartments 

I ONDON an'hitcrts have tak(*n advantage 
^ of the prox'isions of the L.(‘.(\ 
(loset By-laws pa.ssed in i()3o, to install 
internal vvat(‘r closets, usually in conjunc- 
tion with bath, lavatory basin and some- 
times with a bid(*t, th(*reby gaining larger 
and light(‘r living rooms abutting the 
external wall, 'fliis installation is made 
possible by installing nu'chanical ventila- 
tion and artiiicial lighting ; and is very 
adaptabU* in modern flats and hotels, 
where a wat(‘r-closi‘t a})artnu*nt repeats 
itself on successivj:* floors, 'fhis provision 
is also made in tlie M. of H. Model By-laws 
(now K) of Local (iovennnent) . 

Aii« her welconu* innovaiion is that the* 
closet apartment can be entered directly 
from it Ix'droom. j)rovided it is ased 
exclu.sively by the occupants of the bed- 
room. Previously oiu* had to con.stru( 5 t a 
separate closet a])artmcnt, , approached 
from the corridor or within ^the bath- 
re »om. and comply with closet regulations 
deeming the batlnoom as the ventilated 
lobby. 

The arrangement is very accej)table 
not only ft^r large houses with ” best ” 
bedroom, but also for conversion of .such 
i(jus(*s into two or three room flatlets. 

Modern 

Flats 

Much con.sideration has been given to 
* high-class family flats during the 
last 25 years, which render them more 
desirable than the earlier town hotise, due 
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f)()ssibly to economy, or servant problems. 
Not only is the Residential comfort of the 
occupier considered, but also the social 
side is well conceived, which include 
restaurant, garage, guest rooms, and a 
host of other amenities. 

Progress has also been made regarding 
the comfort and well-being of occupiers of 
artisans' dwellings, particularly in the 
culinary department, consisting of a deep 
glazed sink and drainage boards, hinged 
table, electric cooker, refrigerator, food 
cupboard, shut-in ironing board, and cup- 
boards to fill the kitchen wall sj)act‘. All 
flats arc provided with a bathroom, con- 
taining a lavatory basin, and usually a 
constant supply of hot watiT. Pi- vision is 
made for use of a communal laundry. 

An old block of artisans’ dwellings, part 
of which was destroyed by enemy action, 
came under my supervision, necessitating 
the reconstruction of th(‘ centn; of the 
block, consisting of four two-bedroom 
flats on each of the live floors. The pro- 
blem of installing Ixith rooms in the 
restricted space was ing(*niously solved by 
grouping the four liathrooms around a 
well-hole in the centre of the block 
(about 12 ft. by j ft.) with two bathrooms 
on opposite sides of the wTll-hole ; there 
being an existing staircase within the 
block at either end. 

Owing to the bathrooms being internal 
and containing a water closet, mechanical 
ventilation and artiticial lighting was' 
installed, and w'as, 1 think, the lirst 
installation fcfc’ artisans’ dwellings. 

Single Pipe 
(Simplified One^plpe) 

PiURiNr. the war years experiments were 
carried out on full scale plumbing 
installations suitable for 2 -storey houses, 
to ascertain the suitable diameter and 
length of pipes which would function 
«satisfactorily from a non-siphonage point 
of view without installing anti-siphonage 
pipes. The result of these tests is tabulated 
in a comprehensive Chart which can be 
found in the appropriate section in 
Volume 3. 

Although one appreciates the value of 
ventilation in drainage systems, there is 
no logical reason to. install needlessly 
ventilation pipes which can be omitted 
without loss of efficiency to the system/ 


The shortage, and cost, of metal pijx's 
render it very necessary for legislation, 
witli proper reservations to be enacted, 
permitting the use of the system. The 
1 ..C.C. Drainage By-law's being under 
revision (1951) then; ^as every ])ossibility 
that the system would be included. 

House Refuse Disposal — 

Garchey System 

LJousk refuse storage, collection, and 
* ■ disjx)sal as at present practis(;d. 
is far from satisfactory, and relies far too 
much on the human element for its hygienic 
success. 

With the Garchey s\’stem, once th(' 
refuse, consisting of ash(;s, waste vegetable 
matter, tins, etc., are deposited through 
the aperture in the bottom of the sink, and 
the plug released in the container below 
the sink, the human f leinent takes no 
further part in its disposal, apart from the 
engineer at the disposal station, who 
actuates a number of valves. Details of 
the system are dgalt with under Kefus<‘ 
Disposal in Vol. 3. 

The system is very suitable when n 
number of blocks of flats are grouj)ed. 
'J'he initial cost of the installation is high, 
but the advantages are many. 

Conclusion 

^Ni*: of the trials of a student studying 
^ a technological subject is that not 
only must he obtain text books dealing 
with the subject in its various aspects, but 
must also acquire legal l«u)wlj?dge of the 
subject, necessitating the purchase* of 
approj)riate Acts, by-laws, and regulatii^is. ^ 

in my opinion, the student taking uj) 
any of the subjects contained in the three 
volumes of this Encyclopedia will find 
within the covers all tile necessary in- 
formation for him to master tl>e subject 
selected. Throughout hfy student days, 

I found that illustrations are not only 
helpful in grasping the subject discussed, 
but have a lasting value, imprinted on tlu; 
mind of the observer. One of the princi])al 
features of the Encyclopedia is, in my 
judgment, its illustrations. 

To others who hav;e an interest in the 
subjects clisculsed, be they architects, 
surveyors, sanitary administrators of 
mechanics, they •Unll And the vfolumes in- 
valuable as up-to-date reference books. 
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F ans. Fans are mechanical devices for 
moving air. They may be divided 
into two general ty])es -])ropellor mid 
centrifugal. A projiellor fan i.s .similar to 
a screw propellor, and moves air in a 
direction parallel to its spindle axis. It 
acts by increasing the air velocity, and 
produces very 
little or no pres- 
sure. Modihea- 
tions of the 
propellor f;m of 
which this is not 
stnVt!' true are 
dc.scribcd below. 

With a centri- 
fugal fan the air 
flows in parallel 
to the spindle 
and is discharged 
at right angles 
to it. 

Definitions 

Impellw. T li ;i t 
part of llic* fan 
whic h rovolvt’S and 
is fJio actual 
of moving the; air. 

Sfctinctimes known as tliu runner or wheel. 

Casing or Housing. A c.ising usually of 
sheet steel, cnrlosing the impellor. 11 carries 
the " suction," through which air Hows to 
the impellor; and the "discharge," through 
which air flows ffoni the fan. Often the casing 
hai:« a bearing fixci> to it which supixn ts the 
spindle. 

Tip Speed. Speed of the outer edge of the 
impellor when fan -s running. Calculated from 
formula 

T.S. = R.P.M. X D X 3-1416 
where T.S. is tip .speed of impellor in feet per 
minute, R.P.M. is revolutions per ir >ute of 
impellor and D i.s diameter of impellor ii eet. 

PROPELLOR FANS 

These (Fig. i) consisi: of a circular 
hub on which arc fastened a number of 
blades, the whole forifting the impellor. 


The number of blades differs with varying 
makers, and with diameter of impellor. 
There may be three blades, or as many as 
twenty-four. Tlie blades may be flat 
.sheets of metal, or they may be curved, 
llie impellor is .set -sc re wed and keyed to 




FANS; FiR. 1. Side front view 
paraflel to its spindle axis and increases 


-opellor fan, which moveseair in a direction 
velocity with little or no pressure increase. 


the s|)indlc. When the fan is belt driven 
th*' spindle is carried in a bearing which 
may be of the ball ty[)e, or may be a j?lain 
bearing with ring oiling. iTht^ bearing 
supports and secures the impellor. The 
licaring itself is secured in a housing 
fruui which two, three, or four arms run 
to the fan ring. T'he ring is the meatus 
of fastening the fan in position, and the 
impellor revolves in it. Often tlfe im- 
pellor is t arried on the extended spindle 
of a mot(jr, doing away with the need for a 
separate bearing. In this case the motor 
is carried by arms from the fan ring. 

Mantifacturcrs list propellor fans accord- 
ing to the diameter of the impellor. The 
delivery of the air in cu. ft. per minute for 
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each size is given, often at two or three 
speeds. When this is so the lowest 
speed will be used in places where quiet 
running is essential — as for instance 
churches. The highest speed will apply 
to buildings, like factories, where noise is 
immaterial. If an intermediate speed is 
given it may be used in such places as 


should he checked. If quiet running is 
desired this should not exceed 3,500 ft. 
per min. If the desired delivery is not 
listed, choose the nearest one and adjust 
the speed to give the proper delivery by 
means of the fan laws printed at the end 
of this article. 

Discharge Arrangements. Since a 
slow-running propellor fan is unable to 
overcome any but the very smallest 
resistance, it must be protected from 
high winds. If it is fixed on an exposed 
wall subject to direct winds it must not 
discharge straight into the wind. Two 
— \ methods of arranging the discharge 

are shown in Figs. 2 and 3. The 

first consists of a simple bend look- 


FANS. Figs. 2 anu 3- Two methods of protecting \ / IJ 

slow-runninp, propellor fan discharge from outside X \ f ^ 

draughts ; iabove), cowl ; (right), outside louvres ^ ] 

which may be fixed, or may be pivoted to act as j] — 

automatic shutters. J 

shops, where complete quiet is not 

required. ...... /I 

Fan Capacity and Speed. If a fan La J/ 

maker’s list of propellor fans is consulted 
it will be found that the duties are for free 

air conditions. This means that the fan Fig. 3 

has no air duct attachc-d to it or other , 

resistance to flow. Fans are usually ing down, and the second of a box with 
fixed direct to the wall of a room so that louvres on the outside. The diameter of 



they blow aii^ either straight from the 
room to atmosphere or vice versa. In 
such circumstances the required fan capa- 
city is easily found. Normally the ven- 
tilation requirements are specified as a 
given mim^r of air changes per hour. 
Multiplying the number by the room 
volume will give the fan capacity in 
cu. ft. per hour. On dividing by 6o 
the required delivery in c.f.m. (cu. ft. per 
minute) is obtained. 

A fan for this delivery may then be 
chosen. If it is direct coupled to the 
motor and the electrical supply is A.C. it 
must run at a suitable speed. Possible 
speeds on a 50-cycle supply are 3,000, 
1,500, 1,000, 750, 600, 500, etc. (Theo- 
retical possible speeds are obtained by 
dividing 3,000 by any whole number. 
Actual speeds are about 5 per cent, lower.) 
Having chosen the fan, its tip speed 


either should be not Icssf than one ^d 
a half times the diameter of the fan, to 
ensure no reduction of duty. 

Where a propellor fan is exhausting 
direct from a room to atmosphere, 
draughts are often encountered when the 
fan is not in use. It v^ill be found that 
quite light winds blow strajght through the 
fan into the room, whicli is particularly 
unpleasant in cold weather. To avoid this, 
automatic shutters should be fixed on the 
discharge side of the fan. There arc 
several types, but one of the simplest is 
'similar to Fig. 3. The louvres, instead of 
being fixed, are pivoted and ijiade of 
aluminium. They are ^^ery narrow, so that 
a^very small pressure will open them. 
^^en the fan is not running they close 
by their own weight and, since they over- 
lap, they form ft complete barrier to 
reversal of air flow. They deduce the air 
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delivery slightly, and a small margin must 
be added to the calculated quantity to 
allow for this. 

Motors. The motors usually fitted 
to propellor fans are of the 
enclosed ventilated type. 

These are quite satisfactory 
when the fan is handling 
normal room air. If, how- 
ever, the air flowing 
through it contains corro- 
sive fumes, steam, or a 
large amount of dust, a 
totally enclosed motor 
must be used.. The fan 
also may need to be of 
special material. In all 
cases it must be remem- 
bered that the motor 
bearings require oiling, and 
must be accessible for that 
purpose. When tlie fan is 
fixed in a duct an in- 
spection opening and cover 
should be provided to 
al^'^v K.i lubrication. 

The fan ring has bolt holes cast in it 
by which the fan may be bolted to a wall. 
The hole in the wall should conform in 
shape and dimensions to the fan ring. 
For silent running the fan should be 
insulated from the wall, as illustrated in 
Fig. 4. The fan is bolted 4 o a hardwood 
board not less tjian i] in. thick. The 
bolts are .surro\^idcd by rubber sleeves, 
and rubber and steel washers are used 
under the nut and bolt head. In this way 
the metak of ftie fan makes no cojicact 
with the wood, which is in turn bolted 
to the wall. 

Sometimes propellor fans are used to 
extract vitiated air from small halls, 
small cinemas, etc. Gratings are fixed in 
the ceilings, allowing air to pass from the 
hail to ^he roqf^ space. A propellor fan 



FANS. Fig. 4. Mounting ror pro- 
pcllor fan to avoid vibration ; fan 
separated from wall by hardwood 
ground, and from latter by rubber 
washers under bolt head and rubber 
sleeve on stem. 


fixed in the end wall then extracts the 
air from the roof space. This is quite satis- 
factory provided the gr£j:ing area is large 
enough to allow a low air speed through it. 

The speed should not ex- 
ceed about 200 feet per 
minute, and the fan if 
chosen from a list of free 
air duties should have 
about 20 per cent, margin. 
The general arrangement 
is shown in Fig. 5. 


CENTRIFUGAL FAN 

A centrifugal fan is 
shown in Figs. 6 and 6a, 
in p. 396. It has a runner 
similar to an old-fashioned 
mill wheel. It usually 
consists of a circular steel 
back plate to which blades 
are riveted, the blades 
lying approximately along 
radial lines. The number 
of blades varies from 6 
to 64. The greater their 
shorter are the blades. A 



number the 
small fan of the 64-blade type will have 
blades less than i in. long. Fans with 
4 to 10 long blades are called paddle-blade 
fans, while those with a number of short 
blades are known as multi-blade fans. 
The blades are curved to enable the air 
to flow through the fan without shock and 
to control its velocity as it leaves the 
wheel. 

Th.^ runner is enclosed by a steel 
hous’’ : of spiral shape. •It carries the 
siictio 1 and delivery connexions and often 
the bearing for the fan shaft. As the 
imj^ellor revolves, air is thrown off from 
its circumference by centrifugal fdtee. 
Other air flows in at the centre of the 
impcllor to take its place. The air thrown 
off is collected by the casing and flows 
out through the fan discharge. 
Owing to the centrifugal force 
tl^e revolving impcllor these fans 
can exert a definite pr<?ssure. 
— - Centrifugal or cased fans are 
consequently chosen when 
there is resistance to the air 
flow. This is the case with most 
ventilation installations, since the 
air must be forced through lengths 
of ductwork. The friction (which 
see) set up requires a definite 
pressure to overcome it. This 
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may be calculated as explained in the 
article Duct System. To the resistance of 
the ducts must be added that of the heater 


Most makers list three types of multi- 
blade fans : forward curve, radial blade 
and backward curve, according to the type 
of blades on the 
impellor. The first 
is most often used, 
since it is cheapest 
and smallest for a 
given duty. The 
backward curve. is 
usually more cjffi- 
cient and quieter 
running. The rad- 
ial blade fan 
occupies an inter- 
mediate position 
between backward 
and forward curve. 

For the extrac- 
tion of dust, 
sawdust, shavings, 
etc., and the con- 
veying of similar 
materials, paddle 
blade fans with a 
few strong blades 
are used. The small spaces between 
the blades of multi-blade fans would 
quickly become choked if used for 
extraction. 

Fan Drive. It is common practice to 
use vee rope drive for centrifugal fans. 
This makes for a quiet installation, since 
the motor is not in metallic contact with 
the fan, and electrical noises such as 
magnetic hum will ndi be transmitted 
to the fan and so to the air. Also a cheaper 
motor may be used, as it may run at a 
higher speed than the fan, the reduction in 
speed being effected by different-size 
pulleys. Vee ropes are vee shape, made of 
rubber and canvas, and are endless. 
They have the advantage of being prac- 
tically noiseless, highly efficient and non- 
slip ; and enable pulleys of widelig different 
diameters to be used. The pulleys are 
grooved to take the ropes. 

If belt or vee rope is used, the fan 
motor may be bolted to a wood frame, 
using timbers not less than 4 in. square. 
A preferable method is that of Fig. 7, 
where a pre-cast concrete block not less 
than 6 in. thick is used. Where Quietness 
is desired the foundation bolts, which are 
grouted into holes left in the concrete,, 
should be isolatedas shown in Fig. 4, p. 395. 
In addition the block should rest on strips 
of compressed felt such as tnascolite. The 
connexions between fans and ducts should 



FANS. Figs. 6 and 6A. Centrifugal fan coupled to electric motor : (left), side 
view showing motor, and impellor in steel housing ; (right), vertical section through 
fan and housing, indicating suction and discharge openings. 


battery, washer, filter or any other 
obstruction to the air flow. 

Choosing the Size. Having found 
the total pressure a suitable fan is chosen, 
bearing in mind that this is the sum of the 
resistance (static) and velocity heads. 
Makers’ lists give columns headed with 
various pressures, from about J in. up to 
about 2 in. At the left-hand side of the 
list will be the various sizes of fan. Under 
each pressure heading will be listed the 
output of each size and the speed at which 
it must run. Read down the column 
headed with the desired pressure, till the 
requisite output is reached, and read off 
the size of the fan. 

If quiet ..running is desired, check tip 
speed of the impellor as described under 
propellor fans, p. 394. 

Some makers list their fans for total 
j)ressures instead of static. In this case the 
velocity pressure must be added to the 
static pressure. Calculate the* velocity of 
the air leaving the fan by dividing the 
volume in c.f.rn. by the area of the fan 
discharge in sq. ft. Refer to Table 2, 
^Ventilating Chart pp. 1,104, for the 
equivalent velocity pressure. The sum 
of this and the static pressure gives the 
total pressure. In some cases the term 

head ” may be used instead of pressure, 
since the units are inches of water 
gauge. 
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be broken by the introduction of canvas 
sleeves, to prevent the transmission of 
vibration. Finally, for very quiet running. 



FANS. Fig. 7. Firm mounting for centrifugal fan 
pre-cast concrete block, into which rag bolts ar 
grouted, resting on irrsulating strips of compressed fell 


the air velocity through the fan discharge 
should not exceed 2,000 f.p.m. Foj 
moderately quiet running a velocity o 
2,500 f.p.m. may be used. 

For the application of fans other article; 
in this work should be consulted, sucl 
as Air Conditioning ; Plenum Heating 
Ventilation, etc. 

Fan Laws. For any fan connected t( 
any installation 

1. J>caveiy of a fan in c.f.m. varies directly 
as the speed. 

2. Pressure given by a fan varies directly ai 
the square of the speed. 

3. Power consumption of a fan varies directl) 
as the cube of the speed. 

— L, C. C. Rayner, A.I.E.C 

FAULT. An electrical defect in a piece 
of apparatus or wiring iiist<rilation. Faults 
arc ot three kinds : a break in the circuit 
or open circuit ;• an accidental contaci 
between two parts of a circuit at a different 
voltage, termed a short ; and contaci 
between a live* conductor and the casing 
of a piece of apparatus or between a con- 
ductor and conduit, termed an earth 
The last two faults are usually accom- 
panied by an excessive How of current, 
which, if not .interrupted quickly, will 
chiy the neighbouring insulation, possiblv 
melt thff condwqtors, and may even set 
fire to the surroundings. 

Faults may be due to bad workmanship, 
mechanical damage, the penetration oi 
moisture, or the corrosion of the pro- 
tective sheath and insulation by chemicals 
in the plaster, or to similar cau.ses. 

Tracing a Fault. In tracing a fault 
it is essential to work S3tstematically and 
to use common sense ; it often helps io 
sketch the circuit .£md note possible 
positions of faults ;• an2 megger readings, 
if taken, should be note*d. A megger is an 
instrument used by electricians for testing 
insulation re^stance to earth and between 


conductors, and to a limited extent it can 
be used for testing continuity. 

The first thing to do* when a fault is 
suspected is to examine the sub-circuit 
and main fuses. If these are intact, and 
the supply has not failed, there is probably 
an open circuit in the system. If the whole 
circuit is affected the trouble will be at the 
main switch, or between it and the con- 
sumer’s fuse-box. If the whole of one 
circuit only is affected the open circuit 
will be in the connexions to the fuses 
concerned, or in the leads between these 
and the first point. If only one point is 
affected, find out if the point is alive by 
connecting a sound lamp across it. If it 
lights, the fault is in the apparatus or 
lead between it and the point, including 
any plugs or adaptors. If it fails to light, 
the fault may be in the switch (the blades 
should be examined for contact) or in the 
conduit ; or in the ca.se of a pendant 
lamp, it may also be in the lamp socket, 
ceiling rose, or pendant flex. 

Blown Fuse. If a fuse lias blown, either 
the circuit has been overloaded or there 
is a short or earth on the system. If the 
sub-circuit fuse has blown and main 
fuse is intact, fault is in the sub-circuit. 
Both main and sub-circuit blown : fault 
is probably in sub-circuit ; test by re- 
placing main and omitting sub-circuit 
fuse. Main only : fault probably lies 
between main and consumer's switch. 

When circuit *affected has been dis- 
covered, the fault can sometimes be de- 
tected by inspection ; there may be 
signs f charring or a smell of burning. 
If an inspection fails to reveal the source 
of tlie trouble the circuit should be sys- 
tematically checked by using a megge^ 

Testing a Circuit. The insulation 
resistance between any coflductor and 
earth or between conductors should not 



*FAULT. Fig. 1. Testing faulty sub-circuit with 
megger connected to sub-circuit switch and to con- 
ductors F, G, H in turn : insulation resistance between 
each conductor and eaieth, and between conductors, 
is measured (see p. 398) ; megger is earthed to tap. 
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FAULT. Fig. 2. Terting branch 
circuit where several points are 
looped : W, switchboard ; S and T, 
terminals; J, ceiling roses; K, lamp 
switches: L, M, N, O, P, tubes; x, y, 
z, wires; R, point on each switch 
(enlarged view) where feed is 
looped out of switch to next one. Tests of switch feeds (x) are 
made after tests described below by disconnecting at R in K1, 
K2, etc. See text for explanation. 


Evershed S Vignolea, Ltd 


be less than i megohm. Before making 
any test with megger, open the main switch 
and remove the main fuses. To test a 
faulty sub-circuit, remove the fuses of 
the circuit concerned from the consumer's 
fuse-box and proceed as indicated by Fig.i. 

In general, several points are looped 
into one circuit, as shown in Fig. 2. One 
such case will be described. Assume that. 
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FERRULE. Figs. 1-8. (Left) elevation and section 
showing brass ferrule wiped on lead to make 2-in. lead- 
to-iron Joint. (Top right) screwed water main ferrule 
to connect lead to hard metal water pipe. (Lower 
right) spun brass soO pipe ferrule. 


with all the lamps removed and the 

switches “ on " the test shows a fault [i.e, a 
short-circuit between conductors), open 

the switch farthest from the supply, Ki, 
and test again. If the fault clears, the 
trouble lies in that section. The flex 
can then be removed 

from the ceiling rose, the 
switch closed and the n 

test repeated. This , [ 

will show if the trouble Hri | 

is in the portion removed ^ 
or in the switch and \ Ar^ter 
conduit, which can be 
examined accordingly. 

If the fault does not r'ectnial 

clear on opening Ki, the b^connectn^g 1 t"to 

neighbouring switch, ammeter and supply. 

K2, should be opened, 

and so on until the faulty section is 

isolated. 

Apparatus such as kettlesi irons, etc., can 
be tested to earth in a similar wj^v ; and, 
by connecting up as showrf in Fig. 3, may 
be tested for continuity of circuit. — 
R, A, Baynton, B,Sc,, AM,I,E,E. 

FERRULE (or SLEEVE). Fixed on 
the end of a lead soil or waste pipe 
wherever it is connected to a metal or 
earthenware pipe. It is made of either 
cast or solid drawn brass and il^ Wiped 
on to the outside of the lead pipe, as 
^■Fig. I. Being more rigid than the lead, 
it enables a joint of henjp and molten 
lead to be mad^ and caulked without 
the lead collapsing, as* would occur if 
khe lead were not protected. Fig. i 
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FILES AND RASPS. Fig. 1, A, hand file ; B, round ; C, square ; D, flat 
E, half-round ; F, three square. {Thos, Firth & John Brown, Ltd.) 


shows half elevation and half-section 
of complete joint of lead to metal. 

Screwed Ferrule. This (Fig. 2) is used 
to connect lead water pipe to metal water 
main or iron pipe. It is made of either 
cast or hot-pressed brass, and the thread 
is cut with taper to facilitate fixing and 
ensur'' n tight joint. 

Wall sleeves, as used in good class hot 
water and heating work, are dealt with 
under the heading Sleeve. 

FILES AND RASPS. The older 
method of making files is by cutting the 
teeth by hand with a chisel, and a 
mechanical process is also^employed with 
the same object. In the single-cut file 
there is one row of teeth, lying at an angle 
across the file, fn the double-cut, another 
row of teeth crosses the first, leaving a 
row of pgints standing up. 

Obviously the single-cut will give a 
smoother action and leave a smoother 
surface on metal filed ; but the double- 
cut file is usable for softer metals and for 
materials like wood, bone, ivory, etc. 
Apart from the two cuts, there are grades 
of *coarfeness or lineness. In the single- 
cut these are snfooth, second-cut, middle- 
bastard, between -bastard, middle and 
rough. In the double-cut the grades are 
dead-smooth, smooth, second-cut, bastard, 
middle and rough. The shapes me ^ used 
by the plumber are the half-round, S4uare,« 
triangular and the round or rat-tail file. 


Various shapes of 
file are illustrated 
vk Fig. I, and mill- 
ing files axe shown 
in Fig. 2. Fig. 3 
shows an enlarged 
view of file teeth 
cut by a hobbing 
process. The teeth 
are under-cut to a 
certain extent „ and 
do not clog so read- 
ily as those of the 
chisel-cut file. 

Using the File. 
Though in the 
trades covered by 
this encyclopedia the file is seldom used 
for close or accurate fitting, and is 
employed rather for cleaning up, removing 
burrs, etc., it is as well to understand the 
proper method of use. 

Fine sense of touch and an ability to 
move a file in a true straight line are not 
easily acquired. There is an inevitable 
tendency of the hands to move in arcs from 
the shoulder joints. The aim should be 



Fig. 3. Enlarged view of " Millenicut ” milling file 
teeth are bobbed out in milling machine. 

Tlioa. Virth A John Hrown, Ltd. 


to try to pick out the central area oP the 
surface being filed, and to av<jid the metal 
near the edges. In doing this* the worker 
will almost unconsciously fall into the 
proper action. 

Files are not straight, but are slightly 
bellied in their length, so that it is possible 
to pick out any particular portioA of a 
surface and remove metal from that alone. 

The conditions of heavy and light filing 
(Figs. 4 and 5) are very different 
in regard to the proper 
attitude. In the first it is 
essential to throw much of 
the weight of the body on 
the file, to produce a good 
bite and reduce fatigue of 



FILES AND RASPS 



FILES AND RASPS. Figs. 4 and 5. Using the file : (left) heavy filing, grasp of hands on handle and point 
to give greatest pressure with least fatigue ; (right) light filing, gentle but firm hold for delicate touch. 


the arms ; but in the second there is no 
such necessity. For heavy filing, the 
worker should stand well away from the 
vice, with the feet spread apart and the 
left one forward of the right (for a right- 
handed worker). When the file is thrust 
forward, the front foot should be relaxed 
so as to throw as much as possible of the 
weight of the body on the file, and the 
rear foot should be used to push forward 
and relieve the arms. 

On the backward stroke the front foot 
again takes the weight of the body as it 
resumes an upright or nearly upright posi- 
tion. In ordinary and light filing the 
upright attitude is assumed all the time, 
and the arms impart all pressure. 

In Fig. 4 the grasp of the hands on the 
handle and the point of the file is such that 
the greatest pressure canTbe given with the, 
least amount of fatigue. The thumb of 
the right hand^ should always be on the 
top of the handle. There is no need to 
grip tightly, because this does no good and 
tires the muscles rapidly. But the manner 
of grasping seen in Fig. 5 will not enable 
heavy filing to be performed, while for 
light work eft affords a comfortable and 


delicate touch, with good control of 
tool. Methods of facilitating removal of 
metal with coarse files are illustrated by 
Figs. 6 and 7, showing respectively the 
device of sweeping the file to the left as it 
is pushed forwards, and the alternative 
of disposing the file at an angle, and cross- 
ing the direction after every few strokes, 
so that the ridges are easily topped off. 
These methods are especially suitable for 
the heaviest slogging, because the weight 
of the body can be thrown from right to 
left simultaneously with the forward 
movement, and this is much less fatiguing 
than the forward movement by itself. 

Rasps. The cutting surface in the rasp 
is much coarser than in the file, and the 
teeth are fornled in a different manner, 
standing up as though a sharp point had 
been driven into the surface at an angle 
of about 45 degs. The outer edge is 
serrated and may be used for cutting soft 
metals. The tool is made ih various 
grades of tooth, and the most convenient 
for the plumber is a medium smooth 
cabinet ra.sp, half-round in section. This 
type will be found to work easily on lead, 
without a great deal of binding on starting. 



Figt. 0 and 7. Coarse filing : (left) first stroke— sweeping file forwards and to left, weight of body on file, 
rear foot used to push forwargi ; (right) second stroke— bpdy more upright, weight shifted, change In grasp. 
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FILTERS AND FILTRATION: (1) SEWAGE TREATMENT 

By H. C. H. Shenton, Hon. F.I.S.E., F.ltSan.!. 

Describing the different types of filter bed and outlining methods of treating 
domestic sewage in these. Further information is given under Activated Sludge ; 
Baaerial Treatment. See also Sewage Treatment ; Sprinkler. 


The earliest form of sewage filter was 
porous land into which sewage was 
allowed to percolate. Later, land was 
specially prepared in order to facilitate 
the process ; and later still, areas of made 
ground carefully drained were used for the 
purification of sewage. Filter beds of 
sand and gravel were also employed for the 
treatment of liquid sewage, and in many 


Moving Sprinkler 



Drainage Channel 


FILTERS AND FILTRATION : SEWAGE. Fig. 1, 
Percolating or sprinkrer filter (stY text) : sewage is 
sprinkled over surface, air circulates freely upward 
and downward through bed, and drainage is free. 

cases projvietapy materials were used in 
the filters in order to increase their 
efB.ciency. 

Contact Bed. About the end oi the 
nineteenth century filters made of much 
coarser material, working on a different 
principle, came* into use. These were 
fiHeQ with coke. g*enerally of about i in. 
gauge or smaller, ^ind were called “contact 
beds.” Other filling material of various 
sizes such as clinker was also used. In 
working the contact bed the outlet valve 
is closed and the bed is allowed to fill with 
sewage, which is held in contact with the 
filling mjLterial for a period of one or two 
hours'; after this t^c liquid is drained off 
by opening the outlet vtilve. The b^d 
*is then allowed to stand empty for 
3r aeratjbn, the air being 
body o*f the filter as the 
lid falls. 


Continuously Aerating Filter. This, 
a later development, was designed to 
give a higher degree of aeration to the 
sewage. It is generally called a “ per- 
colating or sprinkler filter.” Sewage is 
sprinkled over the surface of a bed of 
material which is generally of a gauge 
ranging from 3 in. to J in. in size. The 
sewage is highly aerated in the process of 
sprinkling, and also in the bed itself, 
because there is free ventilation through 
the mass of material. This is the type 
in general use at the present time (Fig. i). 

There arc, however, many other types, 
each of which has its special applications. 
There is the upward filter, w'liich is actually 
a submerged screen of material sup- 
ported on a grating through which the 
sewage rises. Its main object is the 
interception of solid matters. Fine- 
grained sand filters are sometimes used 
for the final purification of filter effluent ; 
these work at a relatively slow rate and 
must be of correspondingly large area. 

Recently in America filters of small 
size have been used, through which 
sewage eflluent is passed at a rapid rate. 
This causes clogging, which is removed 
by back washing effected by a reversal of 
flow ;’\rough the filter. The magnetite 
filter, t:onsisting of a shedlow layer of 
crushed magnetic iron ore, resting on a 
brrnze screen, has been installed on a 
large scale in America. The sewage 
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passes through this layer, and upward 
washing away of the intercepted solid 
material left on the filter surface is 
facilitated by constantly moving solenoids, 
which cause temporary disturbance of 
the material as they pass. 

Yet another form of filter (used in 
Germany and America) consists of material 
submerged in liquid sewage in a tank 
through which diffused air is blown. 
These filters work in series, and the sludge 
which collects is drawn off at the bottom. 

Covered percolating filters with forced 
aeration are also in use, and it is claimed 
that their efficiency is three times that of 
the ordinary percolating filter. 

In certain other cases sewage is dis- 
charged continuously at a rapid rate on 
to percolating filters working in series, 
with recirculation of the effluent. 

Filter beds are also used for the de- 
watering of sewage sludge. These are 
generally of simple construction, con- 
sisting of a layer of material from i ft. 
to I ft. 6 in. deep, with under-drains. 

FILTRATION TREATMENT OF SEWAGE 

The ordinary sewage filter consists of a 
mass of material arranged in suitable 
form and depth over which sewage is 
sprinkled and through which it percolates 
in contact with the air. The filter may 
be enclosed by a surrounding wall or may 
be open at the sides. The drainage is 
very important, and for this reason the^ 
arrangement of the material and its* 
gauge, together with the under-drainage, 
are essential ^features. The practice of 
providing a false bottom of perforated 
tiles with an air space below is to be 
co^lmended, although it is not universal, 
and in many cases reliance is placed 
upon a berftom layer of coarse material, 
with open jointed drain pipes. A concrete 
floor is provided, so arranged that the 
effluent runs into a suitable channel, 

• The proper distribution of the sewage 
over the surface of the filter is all<important . 
It is effected in different ways in acc^^rd- 
ance with the dimensions and area of 
the filter. In Britain the most common 
method of application is that produced 
^by rotary distributors on circular filters, 
the distributor being made to revolve 
slowly by the force of the liquid dis- 
charged through smaU jets in the arms of « 
the distributors. In the case of large 
filters of rectangular f(jnn power driven 


distributors are used'; but there are also 
various forms of distributor worked by 
the action of the sewage flow. In other 
cases distribution is ejected by means of 
fixed spray jets, but these are more com- 
mon in America than in Britain. 

Treatment by Xerobic Bacteria'. 
The main object of the filter is to bring 
the sewage into contact with purifying 
bacteria. The bacteria exist in the 
sew^e itself, but the filter provides -an 
environment for their increased develop- 
ment. These purifying organisms are 
active only in the presence of air, and 
their action is promoted by the absorption 
of oxygen in the liquid sewage. It is 
therefore necessary that the sewage 
should be delivered over the surface of 
the bed by sprinkling in the air, and for 
this reason sewage distributors are ar- 
ranged to produce the sprinkling action of 
rain. The filter itself is arranged as an aera- 
tion bed for the same reason, the straining 
action being of secondary importance. 

Settling Tanks. Before sewage is 
sprinkled over the filter the solid matters 
are intercepted from the crude sewage. 
This is generally effected by passage 
through settling tanks and the delivery of 
the tank effluent before septic conditions 
(due to the decomposition of the sewage) 
have been produced. If a septic sewage is 
sprinkled ovei*a filter, aerial nuisance will 
arise. 

Action of the Filtes. Liquid sewage 
sprinkled over the surface of the filter 
passes down through the body, the object 
being that it shall form a thiif film over 
each particle and that there shall be no 
direct stream through any part of the • 
filter. The passage through the filter must 
be slow enough to allow time for the 
liquid and material brought into contact 
with the purif 5 dng organisms to undergo 
the necessary changes. The (frganisms 
adhere to the surfaces of the filter material. 

When sewage is first applied the degree of 
purification effected is relatively small, 
but it increases as the bacteria develop 
^ and form colonies on the filling material. 

A filter, therefore, generally takes some 
•months to reach its highest ctage of 
efficiency, and the rato at which the bed 
matures is largely dependent upon atmo-. 
spheric temperatijfe, the organisms being 
more active at a*high temperature than 
during the low temperatures of the winter 
n^onths. 
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In order that the bacterial actioil may be 
perfect the filter material must be of such 
grade and quality that the air may have 
access to ^1 parts. Thus, filters are 
formed of hard, broken stone, well-burned 
clinker, or other majerial which will not 
disintegrate and which is free from dust. 

The grade of material forming the filter 
bed varies in accordance with the nature 
of -the sewage and with the degree of 
purification required. Speaking generally, 
for an ordinary domestic sewage a 
layer of material 6 in. thick, varying 
between 2 in. and 3 in. in diameter, is 
laid at the bottom on the floor tiles ; and 
above this, up to the surface, the filter is 
formed of material of an average diameter 
of in., being not less than 1 in. and 
not more than 2 in. in gauge. 

The depth of the filter material is 
generally about 6 ft., but filters of a depth 
of 4 ft. 6 in. or of depths exceeding 6 ft. 
are often used with satisfactory results. 
Sometimes it is expedient to provide a 
finer layer of material (say, of f in. 
gauge, with a depth of 12 in.), but there 
can be no fixed rule in this matter, and 


provided for every 15 gallons of strong 
sewage treated per day ; this quantity was 
increased to 25 gallons* for sewage of 
average strength, and to 40 gallons for 
weak sewage. If the sewage had passed 
through a septic tank as a preliminary, 
these figures were respectively 45, 70 and 
100 gallons per cu. yd. per day, accord- 
ing to the strength of the sewage ; and the 
same allowance was advised in the case of 
sewage which had passed through settling 
tanks. Where the sewage had received 
elaborate treatment, aided by chemicals, 
for the removal of solids in su.spension, 
the allowances were much higher, and very 
fine grade filters were suggested for treat- 
ment. In general practice at the present 
time it is found that for an average sewage 
of a domestic character, an allowance 
of from 50 to 70 gallons per cu. yd. 
per day is sufficient, but the pres- 
ence of trade wastes and the dilution 
of the sewage may make a very great 
dilfcrence in these figures. The quality 
of the efiluent required is also a very 
important factor. 

Humus Tank. The effluent from a 


each case must be treated on its own 
merits, in accordance with conditions and 
experience. 

CAPACITY OF FILTERS 
The quantity of sewage imrified by a 
filter of a given size is entirely dependent 
upon its quality and upon the preliminary 
treatment it receives before it reaches the 
filter. In the recommendations of the 
Royal Commission on Sewage Disposal 
contained m their fifth report, certain im- 
portant figures were given. The Commission 
•considered the treatment necessary for 


filter is generally passed through a tank in 
which any solid matters washed through 
filter are intercepted ; this is called a 
humus tank, humus being any light 
organic matter. This is suspended in the 
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sewages of different strengths in order to 
produce an effluent of a standard quality 
suitable for discharge into ordinary rivers 
and •strejyns. They also considered the 
gatlge of the fikaring material to which 
their figures refern d. “ Coarse " material 
was defined as that which will not pass 
through a i in. sieve ; “ medium ” as that 
which will pass through a i in. bv' not 
through a ^ in. sieve ; and fine maicrial 
as that which will pass through a J in, 
sieve, -thfe gauge of the material being 
dependent upon the tjuanttty of suspended 
matter present in the sewage. • 

For sewage which ha« passed through 
a small' grit inUrceptoi; only, the Com- 
mission advised that i cu. yd. of filter of 
coarse or medium material should 
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FILTERS AND FILTRATION : SEWAGE. Fig. 3. 
Humus or settling tank, used to retain light solid 
matter remaining in effluent from filter. , 

liquid and wmst be allowed to settle before 
the efflueiic is discharged. Fig. 3 shows 
^ the tank, with scum board : the outlet 
is from a channel into which the liquid 
flows over a weir, solid matter being held 
back by the scum board. Humus tanks 
are generally provided in duplicate to 
facilitate cleaning, each holding about 
^ne-twelfth of the day's flow. The pro- 
vision of larger humus tanks may be 
desirable under certain conditions. 
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FILTERS AND FILTRATION: (2) WATER PURIFICATION 

By E. H. Vick, A.M.Inst.C.E. 

A description of the chief types of filter and an explanation of filtration methods. 

The general question of water purification is treated under the heading Water 
and Water Supply : (3). See also Chlorination. 


Filtration is one of the most important 
processes in the purification of water, 
most of the otlier processes such as aera- 
tion or chlorination being supplementary 
ones designed to effect further purification 
with which the filter will not adequately 
deal. The object of filtration is the 
removal of suspended matter, particularly 
the very finely divided suspended solids, 
and also the removal of harmful bacteria. 
The heavy and coarse particles of solids 
are best removed by previous storage or 
by sedimentation. 

The chief classes of filters are : 

{a) Sand filters, trickling type ; 

(6) Mechanical filters ; 

(f) Small domestic filters. 

A. SAND FILTERS 

A sand filter consists of a shallow 
concrete or brick tank, having a floor 
composed of brick drains, or of drainage 
tiles, and containing a bed of fine sand. 
The unfiltered water is discharged on to 


the top of the sand, runs slowly through 
the sand and is collected by means of the 
drains in the floor and led away to the 
service reservoir. 

Action of the Filter. The first 
action which occurs in a sand filter is that 
when water containing suspended matter 
is run through the clean sand, all the 
particles of suspended matter that cannot 
get tlirough the interstices between the 
sand are retained. The top layer of sand 
soon gets comparatively choked with 
suspended matter, and most of the 
mechanical straining action is carried out 
by the top layer, usually the first inch or 
so of the sand. Thus a dirty filter is more 
efficient than one that has just been 
cleaned. It is found that this very thin 
screen of mud is able to make a turbid 
water quite clear. 

In cases where the water contains 
particles so finely divided that they arc 
not caught by the clean sand, coagulation 
has to be resorted to. ITiis consists in 
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FILTERS AND FILTRATIO^L (Water). Pig. 1. Sand filter to remove tuipended matter In water : ihallow 
tank with main and lateral dralni, and containing graded filtration material. 
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mixing with the incoming water a*»solution 
of sulphate of alumina, thus causing a 
film of alumina to be deposited over the 
sand bed within an hour or so. This 
artificial film is as effective in its straining 
as the natural film mentioned earlier. 

Soon after puttin^l; a sand filter into 
operation a film consisting of vegetable 
species commences to grow upon it. This 
film grows more quickly in the case of 
water from rivers and streams ; while with 
water from springs or similar sources it 
may not develop at all. The film of 
gelatinous matter improves the efficiency 
of the filter, the various forms of low 
vegetable growth being destructive to 
bacteria. The film, of course, grows more 
rapidly in spring and summer and in 
warmer climates. It is efficient only as 
long as its surface is continuous and 
unbroken. When it gets too thick, parts 
of the film may detach themselves from 
the surface of the sand and rise to the top 
of the water. The water will then find its 
way through the exposed surface of the 
sand rscape th.e filtering benefits of 
the surface film. A break in the film is 
sometimes caused by insect larvae, parti- 
cularly a reddish worm which burrows in 
the sand and later emerges as a winged 
insect. It leaves numerous holes in the 
sand and surface film, through which the 
water escapes without purilkation. 

Further purification is effected by the 
body of the filter, principally the reduction 
of dissolved organic matter. The sand in 
the body of the filter gradually gets 
covered wi 4 h a treating of slime, getting 
thicker and more complex in its structure 
•as it grows. This slimy coating acts in a 
similar manner to that in a sewage 
percolating filter (see Filter : i), and has 
the power of absorbing gases and dissolved 
organic matter frory solution. This slime 
is full of llhcteria«which live on the organic 
matter absorbed *and destroy it. The 
bacteria also act upon the albuminoid 
ammonia in the unfiltered water, and by 
a complex system of decomposition the 
albuminoids are split up into '• ater, 
nitrates and ammonia. 

Deslgrv and Construction of Sand 
Filters. Sand filters are^uitable for any 
§ize of works, and can be made of any 
shape to .suit the natu^ layout of the 
ground available. 

The flow allowed through a sand filter 
is usually taken *as about 2j million gallons 


per acre per day. For a small installation, 
say for a country house or estate, having 
a maximum demand of i;,5oo gallons per 
daj', this would give an area required of 
about 26J sq. ft. ; or, say, 8 ft. by 4 ft., to 
allow for a reserve of area when the filter 
gets clogged. Two filters are essential so 
that one can be in. use while the other is 
being cleaned. 

The thickness of the sand is the next 
consideration. This will depend partly 
on the head of water available, and partly 
on the degree of impurity of the water. 
A turbid water with a small bacteria 
content will require a smaller thickness 
of sand than a clear w^ater with a large 
bacteria content. This is because bacteria 
are mostly removed by the film of slime 
in the body of the filter, whilst suspended 
matter is removed by the vegetable film 
and the straining action of the sand. 
A common depth of sand for small filters 
is about 3 ft., and this will probably be 
reduced to 2 ft. by succ('ssive scrapings 
of the top film. The depth of water over 
the sand is usually 3 ft. to 3 ft. () in. ; a 
smaller depth causes the water to become 
unpleasantly warm in summertime, and 
a greater depth is liable to rupture the 
surface film. 

Filters may be constructed of brick- 
work, mass concrete, or reinforced con- 
crete, depending u])on the cost of the 
materials available locally. However 
constructed they* must be watertight, 
or unfiltered water containing bacteria 
may ’”'d its way from the inlet chamber, 
via th subsoil and back iifto the outlet 
chambci containing the filtered water. 
Subsoil water might also leak in. There 
are several methods of obtaining water- 
tightness — by means of clay puddle, 
about 18 in. thick against the\utcr wall, 
or by means of a layer of asphalt or 
bitumen. The floor of the filter should 
be of concrete, abfiut 4:2:1 mix, and 
brought to a very smooth face by render-- 
ing on the iop surface so that no growth 
occurs on the filter floor. 

If the walls are in brickwork they 
'should be built of good hard engineering 
bricks jointed in 3 to 1 cement mortar, and 
of ample thickness to withstand the water 
pressure., A layer of | in. asphalt or 18 in. 
of good clay puddle should be placed 
^gainst the outside of the walls. A main 
drain and laterals should be formed in 
the floor ; they^ may be half-round 




recesses formed in the concrete, or be frequent cleaning in summer than in 
composed of half-round glazed stoneware winter ; in a severe winter the vegetable 
channels. Oven the floor is laid a false film will probably not grow at all. 
floor of bricks on edge or of special filter Washing the Sand. If the filter is 
tiles (Fig. 2). A layer of 4 in. of i in. gravel very small and a suitable ^d can be 
is laid over the tiles, and a layer of 4 in. obtained locally, the sand scraped off is 
of } in. gravel over this. ^ normally thrown away. This 

The sand is then placed in ^ process goes on until the 

the filter to a depth of about ^ J ^ sand bed is reduced to a 

three feet. ^ ^ ^ thickness of 2 ft., when new 

Sand. The sand used *<7 sand must be obtained. If it 

should be fine quartz, ^ IJ/ \y isnecessary to wash the sand 

washed free from clay and filters and filtration in a small installation, this 
carbonates of lime. It is hosing it 

important that the sand while it lies on a concrete 

shall be of as uniform a grade as possible, platform well away from the filter bed. 
so that the resistance to the wat^ r is even Machines for washing sand are made by 
over the whole filter. Sand from sand specialist firms and are usually installed 
dunes is usually uniform in grade, while only at fairly large plants, 
river and pit sands may vary considerably. If in a very exposed position a small 
The best size of grains is probably i/ioo sand filter may need covering in very 
in. to 1/50 in. diameter. frosty weather, to avoid ice forming on 

Management of Sand Filters. Sand the top of the water, 

filters of small size may be managed by The loss of hydraulic head through the 
comparatively unskilled labour. It is filter will usually be of the order of 3 ft. 

necessary to control the amount of water 

passing through the filter, since as the B. MECHANICAL FILTERS 

filter gets clogged so the rate of filtration Mechanical filters are those in which the 
will decrease unless the difference of head process of filtration is speeded up many 

is increased to maintain uniformity of times as compared with the ordinary 

filtration. One method is to increase the trickling sand filter. They are usually of 

depth of unfiltered water over the sand cylindrical form, built up of wrought iron 

bed ; the other is to keep the level over or steel plated, and contain a bed of sand 
the sand the same and lower the water or crushed quartz. One filter of this 
level in the effluent chkmber. There are type (Candy Filter Coi) employs a sub- 
several automatic devices manufactured stance known as polarite in addition to 
to do this under either method. the sand. Polarite has great purifying 

Cleaning. * The filter is cleaned by properties, and is partieuWly adapted to 

removing the top layer of vegetable remove iron from the water supply, 

growth and about | in. of sand. The water Mechanical filters have certain advin- ^ 
slyuld not be completely drained from tages over slow sand filters. Owing to 

the filter, or the slimy coating in the body their high rate of filtration they take up 

of the sarfd, (together with the micro- less space for a given quantity to be fil- 

organisms) will be detached, and until tered. The filtering media are not likqly to 

this film is built up again the filter will be polluted by outsid^ pauses,** and the 

lose its property of detaining bacteria, cleaning process can be carried out in a 

•The water should only be drawn off so tew minutes by turning two or three valves, 

that, its level is about 4 in. cindemeath On the other hand, they need frequent 

the top of the sand layer. After cleaning, cleaning, sometimes twice a day, and to 

the first flow of water should go to waste, be effective they require handling with 

but it is not necessary to wait for the top more expert knowledge, 

film of vegetable growth to form, as ' As the rate of filtration is so*high the 
'filtering action takes place by means of natural filteringeskin has no time to form, 
the slime coating in the body of the filter, so an artificial film is employed instead.. 
The frequency of cleaning the filter This is formed by. means of a coagulant, 
will depend upon the degree of pollution^ usually sulphate ^ of alumina (asr in the 
of the tmfiltered water and the time of case of the ordinary sand filter referred 
the year. The filter twill require more tp in pages 404-405). The coagu- 
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FILTERS AND FILTRATION (Water). Fig. 3. Domestic filter : small 
cylindrical vessel fixed to main tap, containing activated charcoal, or 
preferably unglazed porcelain or kieselguhr. 


The washing process 
takes from three to five 
minutes.* 

Candy Pressure Filter. 
A section of a vertical 
unit is shown in Fig. 5. 
The filtering ted has a 
to^l depth of 3 ft. 6 in. 
and is composed of 
graded pebbles and sand 
together with an appro- 
priate quantity of 
polaritc. The latter is 
a black granular insoluble 
material which enables 
dissolved iron to combine 
with oxygen instantane- 
ously, so that the iron 
in solution in the water 
is converted to the 


m 


lant is mixed with the incoming water, p: 
and has the two-fold effect of bringing 
down some of the very minute particles 
of suspended solids and of forming (in a 
very fev minutes) the filtering skin. 

Bell Pressure Filter. Tlie mechanically 
agitated standard type is 
shown in Fig. 4. The 
filter bed is of fine sand. 

The agitating gear com- 
prises horizontal arms on 
a vertical rotating shaft. 

After being mixed with a 
suitable amount and kind 
of chemical, the water is 
passed into pipe F and 
through inlet valve H 
into top block on shell 
M au[\d into top of filter 
shell L ; then, after 
passing through filtering 
material, it is collected 
by strainers E and passes 
out through bottom *pipe 
into' main filtered Vater 
discharge pipe and out 
through valve K. 

In washing; clean water 
is passed through filter 
from bottom ; at the 
same time, the agitating 
gear is put in motion.. A 
current of water is passed 
tlirough top pipes H into 
hollow shafts D, hollow 
arms G, and out through 
back-pressure valves A. 





4 £ 






■;i'K 


M 







Fig. 4. Pressure nitei^ mechanically agitated type : B, rakes on hollow 
wash arms C; I, vertical wash valve; N, Inlet valve for dirty water; 
O, wash out valve; P. bevel wheels: R. end rakes. See also text. 

BeU Bros. Ltd. • 
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insoluble state in a few seconds. The iron 
is retained in the filter bed and is removed 
in the form of ar liquid mud when the filter 
is cleaned. Cleaning becomes necessary 
after from 24 to 72 hours' normal working. 
It is accomplished by intense agitation of 
the sand by compressed air (5 min.), 
followed by an upward flow of water 
(4-8 min). 

C DOMESTIC FILTERS 

Filters for domestic use (see Fig. 3, in 
page 407) are usually small cylindrical 
vessels, suitable for fixing directly to the 
main tap. They usually contain activated 
charcoal, unglazed porcelain or kieselguhr. 

With all types frequent cleaning is essen- 
tial. The filtering substance quickly gets 
coated with slime and bacteriii ; the rate 
of filtering is slowed up, and eventually 
bacteria are washed through with the 
filtrate. 

Charcoal filters get clogged compara- 
tively quickly. Probably the best filtering 
media are unglazed porcelain or kieselguhr. 
A good head of water is necessary to obtain 
even a moderate flow, so that sometimes 
the main tap is kept turned on, the filtrate 



FILTERS AND FILTRA- 
TION : Water. Fig. 5. 

Polarite pressure filter ; A, 

spreader plate ; B, sand bed ; C, layer of polarite ; 
D, graded gravel ; E, nozzle plate ; F, nozzles ; G, 
stay rod ; H, air main ; I, unflltered water inlet 
valve ; K, washwater outlet valve ; L, drain valve ; 
M, filtered water outlet valve ; N, filtered water outlet 
pipe; O,' washwater drain sump. 

Candu Filter Co. Ltd. 


dripping into a covered container fitted 
with an over-flow and a draw-off tap. 


FINANCE: FOR PLUMBER & HEATING ENGINEER'S BUSINESS 

By Reginald A. Price, A.C.I.S. 

General information on business methods, the keeping of accounts and similar 
matters, have been given in such articles as Accounts, Boek-keeping, and Business 
Methods. Here Mr. Price deals with the financial side of business, having specially 
In mind the man who has lately started in business for himself. See also Shop. 


The subjects here discussed are : (i) 
working capital ; (2) opening a banking 
account ; (3) the services rendered by 

banks, with particular reference to loans 
and overdrafts ; (4) precautions in regard 
tb cheques ; (5) debt collection methods ; 
and (6) re/teipts. 

Working Capital. Before embarking 
upon business, the plumber and sanitary 
engineer should consider his financi^ 
resources, as insufficient capital is a fre- 
quent cause of failure. Aftqj- estimating 
the amount required to equip the business 
(premises, machinery, plant, tools, etc.), 
the balance of cash, or working capital^ 
should be sufficient for the following pur- 
poses : 

{a) To purchase and maintain an ade- 
quate stock, without which it is difficult 
to execute prompt work. Customers 
prefer to choose goods that can be seen 
rather than be guided by catalogues. 


(6) To finance a reasonable amount of 
book debts. Customers f)n tlie whole will 
go where a moderate length of credit is 
given. . , 

(c) To facilitate prompt payment to 
mercliants. Loss of cash discounts is a 
serious drain on a business. 

[d) To give a margin for taking advan- 
tage of special offers ty merchents, *07 to 
lay in a stock of goods \^ich are about to 
increase in price. 

A. BANKING FACILITIES 

Opening a Bank Account. Before 
opening a new account it is usual for a 
bank to ask for an introduction. A^form 
will be provided for this purposq. A speci- 
men signature js required, and when sign- 
ing cheques the same form of signature 
(as in the specimen) should always be 
used. A pass b( 5 )k will be issued, in which 
the bank record^ all transactions between 
the customer and itself. Some banks have 
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adoptfed a loose leaf statement foyn which 
is posted up day by day. The customer 
keeps the leaves in a cover provided by the 
bank. The current statement may be 
had upon application. An advantage of 
this method is that there is no need for 
the book to be left ai the bank for writing 
up. Arrangements may be made for the 
loose leaves to be sent to the customer at 
any interval he desires. A weekly inter- 
val is suggested, in order that a prompt 
reconciliation with the Cash Book may be 
made. 

For the i)urpose of paying cash and 
cheques into the bank, a paying-in slip 
book is issued. It is preferable to use a 
book rather than loose slips. Finally, a 
cheque book is provided. This should 
always be kept under lock and key when 
not in use, as loss may be sustained should 
the l)ook get into dishonest hands. 

Functions of a Bank. The principal 
services re'iidered by a bank arc : 

(a) It pays out of its customers' accounts 
cheques drawn on those accounts. The 
bank ?''ts as an agent for its customers in 
this respect, honounng cheques drawn up 
to the total of each account, or up to an 
agreed overdraft. 

(^) It collects cheques f(.)r customers. 
Cheques viiich have been paid into an 
account mu.st ])e sent by the customci's 
bank to the bank upon which they arc 
drawn, f(jr the purpose of collection. 

(c) It acts as a referee. Merchants 
usually ask for a Reference before opening 
new accounts, and a banker’s reference is 
always acceptable. It stands to 
that the customer must keep his account 
in^ good order, or the reference will be 
worth little. 

{d) It takes custody (if customers’ 
.securities. 

(e) It makes h)ans. 

Bbnk J^oans aAd Overdrafts. Pro- 
vided security c^fi be offered, a bank will 
grant a loim or overdraft. 

A legal mortgage is possible where the 
borrower owns his premises. The pro- 
perty is conveyed to the bank, but remains 
in the borrower’s possession as Ion as he , 
fulfils the covenants in the deed. These 
are to pay intere.st, keep the property 
insured, pay rates *and ttixes, and repay 
the loan when required. The bank agrees 
to re-convey upon pa3«nent of principal 
and interest. This method is too expen- 
sive for a shorl loan. 


An equitable mortgage is a*more usual 
procedure. The title deeds are merely 
deposited with the bank, together with an 
undertaking to execute a legal conveyance 
should the bank require. 

Debentures are another form of security, 
but these are available only to limited 
companies. A debenture usually (tliough 
not necessarily) gives the lender what is 
known as a floating charge upon all the 
assets of the company. The effect of this 
is to make the bank a fully secured 
creditor. 

Deposit of securities is one more method 
of inducing a bank to grant a loan. If 
the customer posscs.ses share certilicates, 
or perhaps a life policy with a good sur- 
render value, the.se may be lodged as 
security. 

A guarantee by some approved person 
may secure an overdraft should the 
customer be unable to adopt any of the 
other expedients. 

Cheques. The following important 
points should lx; noted. Cheques should 
always be crossed (except those to be used 
when cash must be obtained, say, for 
wage.s). Th(i effect of a crossing is to 
prevent fraud or loss to the drawer, for a 
cro.ssed checpie is payable only through 
a banker. The j^ayee cannot cash the 
cheque ; he must pay it into his account. 
Another safeguard is to write the words 

not negotiable ” upon the cheque. The 
effect is to j)revcnt a fraudulent negotia- 
tion. Normally, a cheque is a negotiable 
iiistrurneiit ; that is, it may pass through 
sevi..!. ' successive holders before eventu- 
ally ' ching the bank upon which it is 
drawn. The words “ not negotiable ” 
remove this attribute. Care should be 
taken when drawing cheques to see tlj^it 
no loopholes are provided for fraudulent 
alteration. For example, wdicl^ writing a 
cheque for £io, do not leave room for the 
insertion of a “ i ” in the figures and “ on j 
hundred and ” in the written portion, 
thus converting the checpie into one for^ 
£iio. Thft written figures should •com- 
mence with a capital letter and imme- 
diately alier the printed word “ I^ay.” 
The figures should be indicated thus : 
£10-0-0. 

B. DEBT COLLECTION 

Before allowing extensive credit to a 
new customer who is a stranger it is 
• advisable to obtain a reference. The 
customer may be asked for a banker’s 

• c » 
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reference, though discretion should be 
used when considering this method. An 
alternative is to make inquiiy through 
pne of the trade protection societies. 

Promptly rendered Invoices form the 
basis of successful debt collection. Many 
customers are found to be more ready to 
pay when efficient workmanship is still 
fresh in memory. 

A statement showing the amount out- 
standing should be rendered at least once 
a month. This monthly review of debts 
should be made critically, noting in each 
case the date of the debt. Select for Receipts. Receipts should be issued for 
special attention all statements which are ^ cash or cheques. Many firms acknow- 
in respect of debts of, say, 3 months' receipt on the bill or statement, but 

standing. If the amount of any particular far better to use a carbon copy book 

item is considerable, and the customer printed receipt forms, 
appears at all doubtful, immediate action numbered consecutively, 
should be taken ; but the average debt minimises fraud and 

may be dealt with as follows : serves as a basis for entering 

Reminder slips for affixing to monthly Cash Book, 

statements are available, graded from a FINIAL. The ornamental 
polite request to a stem demand. These piece of leadwork used to cap 
are very effective, but a more personal and complete a slated, lead 
note is struck by means of letters. or copper-covered spire or 

Letters may be graded similarly to the turret. The usual type is 
reminder slips. Suitable letters should composed of a small sphere 
be composea, and a stock of each pre- supported by a graceful 
pared by the “ super-typing " process stem, relieved, if necessary, 

(through any good stationer). Much time with other members and 
in typing letters will thus be saved. completed qn a proportion- 

A record of collection efforts should be .ate base (Fig. i). *flniai 

maintained. This may be made in the The finial niay be covered used on lead 
debtors' ledger, but a ^better idea is to in one or two pieces. 
keep a card index. As soon as it becomes , It is not wise to attempt to boss 
necessary to “ follow up " a debtor, make very large pieces; though this shows a 
out a card and 



Debt Collection Card 


Name. . . .Blank, Robert. Ledger Po. zoz. 

Address. .4, High Street, Blankton. 

Date 

Amount 

Period 

How dealt with 

19.. 
Jan. 31 
Feb. 28 
Mar. 31 
Apl. 30 

May 7 

£ s. d. 
Z2 0 0 

»f 

ft 

•f 

Oct. 31 

i> • 

n 

Letter No. z. 

M 2. 

M 3 - 

Special letter, threat- 
ening legal pro- 
ceedmgs. 

Cash received .in 
settlement. 


record what^‘ is 
done from time 
to time. The 
cards may be 
ruled after the 
manner ^1' the 
specimen shown 
in opposite 
column. When a 
‘ “ card debt " has 
been^ paid, the 
card should be 
removed and 
preserved in a 
separate drawer. 
^ collection of 
such .cards will 
serve as a “credit 
index" for the 
future. 



Fig. 2. Finlalt covered in one piece of lead i (ieft),<*bMe a iquare pyramid, upper 

K rtlon circular, overall height 2 ft, ; (centre), removed from octagonal turret, lead at 
le worked over rolle of turret to form overcloake, overall height 2 ft. 4 In. : (right), 
bate a deep square with bevelled corners, and apper part circular; ovgrall height 3 ft. 9 In. 
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considerable amount of skill, it* involves 
wasted labour when a large finial is covered 
in one piece of lead without jointing. 
There is no reason why a finial should not 
be covered in two or more pieces, provided 
the laps are arranged in such a position 
as to be weathered.* The finial may be 
hollow, loaded with plaster, or be worked 
on to a solid wood former. 

.If it is desired to use more than one 
piece of lead, care must be taken to start 
at the base, the piece being worked or 
clipped in position. The stem may be 
composed of a piece of solid drawn lead 
pipe, and the whole can then be completed 
with a suitably worked lead sphere. In 
working the various members, or in work- 
ing the finial in one piece, see that the 
piece of lead used is not 
of a greater area than re- 
quired, or much labour 
will be wasted on the 
surplus lead which is 
trimmed off. If the piece 
is too small, a great deal 
of stmtehing will have 
to be done in the attempt 
to get a good fit, and 
very often this results in a 
fracture ai)pearing. A 
rough idea must be ob- 
tained of the lead required 
to work the finial ; this 
may easily be arrived at 
by finding the approxi- 
mate surface arei of each member. 

Working a Finial. The lead should 
first of all be Jjossed to the form of a 
saucer or basin before it is placed in 
position ; after this shape has been 
obtained, the lead should be placed over a 
mandrd end and again bossed until it 
is the right size to fit over the largest 
member of the* finial. Great care must 
be ^akeij to draw out the lead evenly 
rather than to ^setch it, or a fracture will 
result. The lead should now be placed in 
position over the finial core, and further 
worked in until the correct shape is 
reached. — J, Malpass, M.R.SanJ. 

See Leadwork, Ornamental. 

FIRE : Electric. An electrical heating 
apparatus in which the heating element 
is operated at i bright red heat ; 
» designed to replace or supplement the 
coal fire, though not necessarily to 
imitate' it. For domestic purposes the 
electric fire is pfobably more widely used 


at the present time than any other form 
of electrical heating apparatus. A high 
proportion of the heat irom an electric 
fire is emitted in the form of radiant heat ; 
radiant heat cannot warm the air in a 
room directly, but only after it has heated 
the objects in its path. 

The chief advantage of the electric fire 
is that anyone standing in front of it 
experiences a sensation of warmth almost 
immediately it is switched on. But unless 
a supplementary form of heating is used 
(see below) there is the danger that parts 
of the body facing the fire become over- 
heated while the rest of the body is still 
feeling chilly (especially in a fair-sized 
room) because the temperature of the air 
and walls is still low. Therefore, when 


electric fires afford the sole source of 
heat they arc best used for bedrooms, 
batlii ‘ oms, and other rooms^only occupied 
occas 'iially. In a bathroom, of course, 
the fire is a fixture inset into the wall high 
up out of reach of the users. In living 
rooms, except the smallest, electric fii^^s 
are most satisfactory as a meatis of su}>- 
plementary heating in conjunction with 
convectors or some other form of low- 
temperature heating. (See Heating : 4.) 

Portable fires should not be placed in 
front of unblocked chimney openings to 
avoid loss bf heat. Inset fires are very^ieat, 
but in snjaller property careful thought 
must be given to positioning to avoid 
undue limitation on placing of furniture. 

Elements. Two main types of ele- 
ments are used for electric fires : the fire- 
bar and the rod type. In the first, coils 
of special heat-resisting alloy are mounted 
•on the face of a steatite or fireclay fonner 
in specially designed troughs which act 



FIRE : Electric. Fig- 1 (top). Fire-bar type element on curved panel ; 
coils of special heat-resisting alloy, mounted in diffusive reflectors. Fig. 2 
(bottom). Rod-type element coiled round steatite rod, to be placed in 
* front of metal reflector. 

Unteral Hleclric Co., Ltd. 
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as diffusive reflectors. In the second the 
wire is coiled round a steatite rod. If 
properly handlq^i, elements seldom bum 
out, but if they do they should be replaced 
as a whole. 

The fire-bar type is sometimes, and the 
rod type invariably, placed in front of a 
motal reflector. A plain reflector is used to 
produce a concentrated beam, and a dim- 
pled reflector for a more diffusive beam. 

Loading, The loading of a fire as a 
sole source of heat should be approxi- 
mately watts per cu. ft. As fires arc 
obtainable having i, 2, and 3 elements 
with separate switching, it is advisable to 
choose one with a loading in excess of the 
actual needs so that the desired tempera- 
ture may be reached as rapidly ai possible, 
after which some of the elements can be 
switched off. The rated voltage of the fire 
should be as near to the supply voltage 
as possible ; too high a voltage will rapidly 
lead to a burn out, too low a voltage to a 
loss of efficiency. — R. A. Baynton, B.Sc. 

See further under Heating : (4) By 

Electricity. 

FIRE : Gas. For full details of gas 
fires, air-heaters, “radiators,** and other 
associated methods of heating by gas, see 
under the heading Gas Fires ; see also 
Heating : (5) By Gas. 

FIRE RISKS: In Plumbing Work*. 
Fire risks occasioned by plumbing work 
should be guarded against. Invariably, 
with houses built under an architect ’§ 
supervision, a clause is inserted in the 
contract that the building shall be insured 
in the joint names of owner and building 
contractor against this or other risks. 
This clause, although satisfactory to the 
parties concerned, may create complica- 
tions if plumbing work is carried out under 
a sub-cot^ ract ; the employer sub-con- 
tractor, it fire .should occur through the 
negligence of his employees, may have to 
rebut a claim to recover damages. 

Insurance companies will add a covering 
clause to the employer sub-contractor's 
policy for a very small percentage, t^ give 
him complete immunity eigainst such a 
claim ; the basis usually taken is on wages • 
paid per annum. 

Fire Dangers. The dangers that exist 
are easily appreciated when one is con- 
versant with practice : a petrol blowlamp 
may explode ; a paraffin type blowlamp 
may throw a jet of liquid oil instead of 
vapour, which may ignite rafters or other 


timber ;• a man may be working in a con- 
fined space with a naked light and leave 
this for a few moments without thought, 
and the light may fall over or otherwise 
come in contact with combustible material. 
Numerous other cases could be mentioned. 
Such everyday actfbns of an employee 
are an employer’s responsibility, and 
apparent negligence does occur when a fire 
is caused. Claims may be made by 
owners of premises, and this risk should 
be adequately covered. 

In carrying out electrical work, gas 
pipes must not be used as electrical earths. 

Many of the risks encountered are due 
to the fact that work is being carried on 
in an uncompleted building, with the 
litter left about by other tradesmen, and 
probably no water supply on the upper 
floors. Thus a lighted match or cigarette 
end may cause the ignition of shavings 
below or round about, and in a few 
moments a conflagration is started that 
may be difficult to put out unless taken 
in hand with great promptitude. 

Work being done on wood roofs demands 
vigilance from the plumber. Lead-burning 
on flats calls for the protection of the 
underlying woodwork by an asbestos 
sheet or other fire-resisting material. 

Safeguards. In work where the risk 
is considerably increased (such as in a 
confined roofc space, or when pipe lines 
run through timber surrounds), f)rotection 
should be provided Ijy shielding with 
sheet asbestos. A bucket of water or 
sand should be placed handy in readiness. 

Precautions arc neededSvhen a felt-lined 
timber roof is being perforated for various 
pipes, such as ventilating and ovcrlh)w 
pipes. Certain work is carried out for 
external weathering of these j)ipes : see 
that the felt is cleared well back before 
fitting the lead slate tliis applies espe- 
cially to lead pipes, whigh woiMd ne'ed a 
solder flange joint. 

It often happens that boilers have to 
be fitted into existing houses that are 
being reconstructed. In these cases an 
existing flue may be used, and the worker 
must make sure that no trimming joist 
is taking a bearing on the chimuey. brick- 
work. This is not Jikely with recently 
built houses, but has been known to 
happen in old construction. The end of 
a joist so fixed .would eventually catch 
fire and set light “to the. whole building. — 
R, /. Audrey, 
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FLASHINGS: (1) IN LEADWORK 

By T. Jennings, M.R.San.l., R.P. 

This contribution describes the functions and uses of flashings* and deals with the 
various types. Instructions are given for the practical work of marking out, 
preparing and^flxing. The numerous diagrams show clearly how the work should 
be carried out. Flashings in Copper are dealt with in the article immediately 
following. See Chimney ; Koofwork : (I) In lead ; Tack. 


•Flashing in leadwork is fixed wherever 
a slated, tiled or lead-covered roof abuts 
against a vertical wall, or where any 
part of the erection penetrates the roof. 
The upstand, or free edge, of any piece of 
roof leadwork, if not covered by the roof 
slates, must be protected by 
a cover or flashing to prevent 
water running between the 
lead and brickwork and 
penetrating into the building. 

Terms. The accepted 
terms for different kinds of 
flashing arc employed in this 
article, but in various parts 
of the country other names 
are used. Thus string flash- 
ing and skeleton flashing refer 
to hanging strip or sawtooth 
flashing, as illustrated in 
Fig. 10. Step-and-cover flash- 
ing is the same as cover-and- 
apron flashing (see Figs. 4 and 
5). Cap flashing and ovef- 
flashing denote one and 
the same thing %nd refer to any piece 
of cover flashing. 

The most (j|)mmon instances v/herc 
flashings are used arc the junctions of 
roofs and chimney stacks ; dormer 
windows ; rotif-lights ; vent pipes passing 
through roofs (in which case a lead slate 
is used) ; roof abutting against wail ; 
break in line of*roof ; as well as any pro- 
jection from the face of the building, such 
as' door dioods,# bay windows, etc. In 
fact, any junction between slates or tiles 
and brickwork is invariably made weather- 
tight by means of a lead flashing. 

Except in a very few instances, this 
flashing, or cover to the upstand >f the 
lead against the brickwork, is a s(;parate 
piece • ^>f* lead so shaped and fixed as to 
form a loose bht wcathertight joint 
between the two and at the same time to 
allow the lead to expand and contract 
with freedom. • 

Flashings iv.^y be divided into two 
types, which will be considered in detail : 


1. Apron Flashings ; combined cover 
and apron in one piece, serving a dual 
purpose. Sometimes described as boing 
“ self-flashed." 

2. Cover Flashings : cover flashing 
only (e.g. oversoaker), which is fixed in 

brick joint and turned over 
upstand of lead. 

Apron Flashing. Fig. 1 
shows flashing between 
vertical wall and lean-to 
slated roof. Top turned into 
joint J in. and bottom edge* 
supported by “ bale tack " 
(i.e. strips of lead 2 in. wide 
secured to slate lath and 
turned up over bottom of 
apron). The height of vert- 
ical part will vary with the 
height of joint above, and 
the depth of apron lying on 
slates will vary with the dis- 
tance that lap of slates is 
from brickwork, and is 
usuajly 6 in. to 8 in. deep. 

Fig. 2 shows apron flashing fixed to 
window sill and turned down tiles. It 
is L ^ d under sill before uprights are 
fixeci xnd turned up insitfe and nailed. 
Flashings can sometimes be nailed on t(; 
the window frame, set upside down, 
before frame is fixed in position. Fig^ 3 
is another example of horizontal apron 



Fig. 2 (left). Apron flashing to window sill, fixed 
under sill and turned down tiles. Fig. 3. Horizontal 
self-flashed apron fixed to wood door-hood or narrow 
cornice^to shop front. 



FLASHINGS: LEADWORK Fig. 
1. Apron flashing, self-flashed, 
between vertical wall and lean-to 
slated roof, tucked into Joint at 
top and held by *' bale tack ” 
at bottom. 
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Fig. 5 



SecfToo ^/es^^Ag 

foeA ancfc^ron f/osh/n^. 

4A 


FLASHINGS : LEAD- 
WORK. Fig. 4 (top). 
Cover and apron flash- 
ing to pitched slate roof 
and vertical brickwork, 
showing weather line, 
dimensions, and bale 
tack. Fig. 4a. Section 
through roof, flashing 
and brickwork, show- 
ing turn-in at top and 
tack under apron. 


flashing, fixed to 
wood door-hood 
or narrow cornice 
to shop front. 
The front ajSton 
flashing shown in 
Fig. 6 is yet 
another example : 
th^e prepared 
piece, res^y for 
fixing, is ^ shown 
in Fig. 6a. 

In Fig. 4 is 
Geen cover and 
aproii flashing to 
“ pitched " slate 
roof and ver- 
tical brickwork. 
The lead is I2 in. 
'wide (6 in. apron 
lying on slates, 
the other 6 in. 
upstand gainst 
wall). Bale 
tacks should 



3oafc^r natie^ 
to Siam /ath: 


3ecfionshot^tn^as^sros or 
ck/y tfM ofrd apron fio^hinp 


5A 


Fig. 5. Cover and apron 
flashing to pitched corru- 
gated asbestos or clay tile 
roof and verti- 
cal brickwork. 
Fig.5a. Section 
through Fig. 5. 



be fixed under apron. 
Fig. 4a shows section 
through flashing. 

Cover and apron 
flashing to “pitched" 
corrugated asbestos, 
^interlocking or Ro- 
man type of clay tile 
roof and vertical 
brickwork is shown 
in Fig. 5. The same 
flashing could be 
applied to the old 
or new type of 
“pantile" roof. 
Fig. 5a shows section 
through flashing. 

Cover Flashing. 
The second type of 
flashing involves the 
use of “ soakers " 


Turn in 



Front apron f /asking reac/y 
for fixing. 


Sin^fe step 
f/aji*/n^ separate- 
ptecei 



Strip ^»oth hanging ^ 

f /ashing strips '/ong 

Fig. 6. Flash inc:s to ver- 
tical brickwork and pitched 
slate roof, showing methods 
of flashing by soakers 
fixed under slates, covered 
with separate aad strip 
flashings ; and with front 
aprons. X indicates most 
vulnerable point. Fig. 6a 
(above, right). Front apron 
flashing ready for fixing. 


$a/€ toc/r under apron fiashmg 
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FLASHINGS ; (I) LEADWORK 


(Fig. 7), which are fixed under tiJe tiles or 
slates, and replace the apron which in the 
other type lies on top. Soakers are pieces 



FLASHINGS : LEADWORK. Fig. 7. Soaker, to be 
fixed under tilee or slates and under cover flashing 
(see also Figs. 6, 10a, 13, 15) ; best method of weather* 
ing slated or tiled roofs. 


Hanging Strip or Saw-Tooth Flashing 
is the next best, which makes a very neat 
job, especially on steep toofs, and is less 
liable to be blown away from wall by the 
wind (which often occurs with single step 
flashings unless secured at the bottom 
points). It can be fixed in any length 
up to 7 or 8 ft., and is usually cut off 6 in. 
wide. 

If the brickwork is “ gauged " it may 
be possible to mark off and cut out the 
strip before taking up on to the roof, 
but it is usually found advisable to pre- 
pare and fit as follows : 


>srep 

Afc/}. efroi^ 


Fig. 8. Single step flash- 
ing, best method of pro- 
tecting most vulnerable 
point of weathering. 


of 3 lb. or 4 lb. sheet lead, cut to lengths 
varying from 7 in. for tiles to 15 in. for 
large slates and 6 in. wide, to go under 
slate, with an upstand of in. 
to 3 in. Soakers are usually 
made by the plumber, but fixed 
by the slater. 

With the introduction of 
these soakers the flashing has 
now a single purpose and, there ■ 
fore, lb termed a cover ” 
flashing. Cover flashing and 
soakers form the neatest and 
best method of weathering 
slated or tiled roofs. 

There are two methods of fixing : 

Single Step Flashing (Fig. 8). Generally 
considered the best method, although the 

most expensive 


as regards the 
amount of lead 
used, through 
overlapping. 
They afford pro- 
tection at the 
most vulnerable 
point (X, Fig. 6) 
by enabling the 
under step to 
be properly 
pointed in joint. 
Fig. 9 illustrates 
how they can be 
cut out of a strip 
or rec ngular, 
piece of sheet 
lead without 
waste, the pitch 
and width 
varying with 
the angle or 4 
pitch of the 
roof. 


Preparing and Fitting Flashing. 

Mark a line 2J in. from one edge, known 
as the weather or water line, place strip 
on roof in the proposed position, and 



Fig. 9. Method of cutting single step 
flashing from sheet with economy, the 
angle of the roof controlling the pitch 
and width of the cut piece. 


t^eather/Jne 



Fig. 10. Method of 
maf4:ing strip 
flashing frVm brick. 

i oints when preparmi 
lashing. For X, saetext 
in right hand colum^'t 


Coyer f/ash^ 
Soaker^ 

S/afes 



Fig. 10a. Sactlon through* 
Fig. 10, showing relative 
poeltlone of covgr flashing, 
soaker, and slates (compare 
Fig. ^). 


with a straight-edge mark horizontal lines 
(corresponding with each brick joint) from 
the outside edge to the weather line. Next 
lay flat on board^ and mark off and cut 
a line from weather line to end of line of 
joint above. This gives the bevelled cut 
or overhanging part. Next mark a line 
I in "om the horizontal lifle and cut out 
the small triangular piece, as marked X, 
Fig. 10. By means of a step folder 
(Fig. iia) turn this |-in. .strip over either 
right or left hand for turning into brick 
joint. Fig. II shows part flf the strip 
turned ready for fixing. ' 

All f^he small 
triangular 
pieces are 
waste. •In 
many cases 
this wastage 
can be saved 
by adopt- 
ing another 
method of 
cutting the 
strips, with 
their serrated 
edges inter- 



Flg. 


.1 la. Step folder used for turning 
H strip marked out as In Fig. 10. 
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FLASHINGS: LEADWORK. Fig. 12. Economical 
method of cutting strip step flashing, from one strip 
10 in. to 12 in. wide, according to pitch ; cuts shown 
by firm lines, folds by dotted. Two strips are obtained, 
one is shown shaded. 


locked, as shown in Fig. 12. This method 
is very economical, and is particularly 
suitable for repetition work. In pre- 
paring this type it will be found much 
quicker to cut a pattern in zir: ’; or even 
“ damp-course felt and then mark off 
the strip. Fig. 12 shows the two pieces 
interlocked, one being shaded and the 
other clear. It wall also be seen that the 
twa) 6-in. pieces can be obtained from a 



Apron f/a<sh/ng ro efresseef 
sronetvorM turned tnro chase 
cor tn stone para//e/ n^^th s/area 


Fig. 13. Method ot 
flashing Junction of 
slated roof with 
dressed stonework, a 
chase being cut as 
substitute for Joint. 
For A — A see Fig. 14. 


narrower strip (lo in. to iii in. wide,' 
according to the pitch of the roof). 

Slated Roqfs. Methods applicable to 
slated roofs are shown in Figs. 13-15. The 
first and .second illustrate method of flash- 
ing the junction of a slated roof wa'th 
dressed stonework. In this case the joints 
are too far ^.part to be made use of, so a 
chase or groove is cut 
in the stone (as shown 
in section. Fig. 14) 
parallel with the 
slates, and^a strip of 
lead is prepared and 
fixed in this chase as 
a cover flashing. If * 

f'J: ’i-3,®*rhowmri'e.‘’d flashing is wide, . 

^ wedge, flashing, soaker, bale tacks may be 
bale tacks, and slates. advantage, 

turned over the top of soaker and the 
bottom edge of flashing (see Fig. 14). 

In Fig. 15 is indicated the method * 
employed to flash the junction of a slated 
roof with a random rubble wall. A cover 



flashing has to be fitted and fixed to the 
nearest joint parallel to the slates. It is 
very seldom that these flashings can be 
fixed in long lengths. 



Apron f/ash/ng fo randbm ruhhk 
wo//. Chose /or turn /n fo//owtn^ 
rrre^uior jotnf aPoi'C soa/ccrs 


Fig. 15. Method of flashing Junction of 
slated roof and random rubble wall, cover 
flashing being fixed to nearest Joint parallel 
to slates. 


Concrete and Asphalt Roofs. Ex- 
amples of flashings for each of these are 
given. An apron flashing fixed to edge of 
concrete roof is seen in Fig. 16, the lead 
being laid on shuttering before concrete is 
laid. Fig. 17 shows a similar apron strip 
laid on wood roof covered with felt and 
aspflialt. 

The essential principles of flashing have 


Leoc/ a/^ron 



W. I Cutter strap cast 

in the concrete 


Fig. 16. Lead flashing 
to cement flat, laid on 
shuttering before con- 
crete is poured. 


been explained in the preceding pages, and 
basic methods described. ^ Parallel infor- 
mation is given also in certain other 
articles throughout this work, as for 
example : Apron ; Chimney ; Dormer ; 
Lantern Light ; Roofwork. 

The subject of Flasliings in Copper is 
treated in the next article,* but since many 
of the methods arc identical with^thosa for 
lead, the basic instruGtbns here given 
are not repeated under Copper. 



Fla. 17. Load flashing to asphalt roof (compare shape 
with Fig. 16.) • 
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FLASHINGS; (2) IN COPPER 

By E. Carr. Ph.O.. B.Sc., M.I.P. 

Building Engineer, The Copper Development Association 

The general principles and design of Flashings are discussed in the preceding article 
on lead flashirtfes. The present article therefore deals with those points in which 
copper calls for different treatment. See also Roofwork in Copper. 

.The use of copper sheet for flashings, in vantages of using copper strip are obvious, 
association with copper roofing, has always For instance, a long co\'er flashing over the 
been acce])ted as standard practice. Its upstand of a parapet gutter, particularly 
use, however, for flashings and other de- if the flashing is carried through the para- 
tails of external plumbing in conjunction pet to form a damp-proof course, is a case 
with roof coverings of slates, tiles, asphalt where strip could most usefully bo ('m- 
and the many patent roofing materials, ployed, ('old-rolled strip must always be 
has until recently been small compared specifu'd to be fully annealed, or in (l(‘ad 
with the widespread use for these purposes soft temper. A new British Standard 
in America and the Scandinavian countries, for copper sheet and strip for building 
The very competitive price of the metal purposes was due to b(i issued in 1949. 

in thicknesses used for flashings has led to Joints in Flashings. The general ])rin- 
an increase in its use in all types of build- ciples and arrangenuMit of copper flashings 
ings. Metal for metal, 24 S.W.Cj. copper is are similar to those of k'ad. Slight dif- 
generally considerably cheaper than 5 lb. fenmees are due ])rincipall\' to the fact that 
lead. 24 S.\V.(k co|)per, whilst stronger, is lighter, 

to its resistance to corrosion, its thinner and harder than 5 or (> lb. lead, 
lightniiss, strength, and absence of 
creep, copper sheet or strip is an 
ideal material for flashings and 
weatherings of any de.scrij)tion. 

Moreover, when in contact with 
Portland cement or lime mortar, no 
action detrimental to the* metal 
takes place. In some of these ro 
spects it may be considered superior 
to lead, and in its .soft temper it is 
ductile and easily worked. Whilst 
it is not so mali(.’able as lead, the 
technique of sheet copper working 
j enables it to be moulded to the 
more general contours encountered 
in building, such as the curves of 
pantiles; for all straightforward 
flashings its working presents no 
di5i?:ultiafc, and much of the pre- 
liminary manipiilation can be done 
with the hands only. 

The strength of copper us('d for 
fla.shings is usually of 24 or 2 () 

S.W.G. thickness and must be of 
dead soft temper. Standard sized 
sheets ar^i 4 ft. X 2 ft., 6 ft. X 3 ft., 
and 8 ft. X4ft. The§c are generally 
jnanufactured by hot rolling. In 
"addition, cold rolled strip up to 
24 in. wide and in leiigfl^ of up to 
150 ft. are also available, and, gen- 
erally speaking,'!5trip is cheaper than 
sheet of the saipe thickness. The ad- 
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For this reason, joints in flashings are 
generally made with w^lts rather than by 
overlapping. The comparative thinness oi 
the metal allows welted joints to be made 
very neatly and, moreover, they provide 
an unbroken •protection against penetra- 
tion by moisture. For instance, in the mak- 
ing of a Chimney Apron it is not an economi- 
cs proposition to attempt to dress the 
metd to form a return, and a separate 
piece is cu# and welted to the face part of 
the aprorif to form these angles (Fig. i). 

Note that the welt on the roof slope is 
placed at a diagonal ; this greatly facili- 
-tates the making of the welt. The side 
piecaand apron-end are first bent, marked, 
and cut to shape as shown in Stage i. They 
are then straightened out into flat sheets ^ 
again and a | in. half-lock welt is forined 
on each, the apron upwards and the side" 
piece downwards. Both pieces are now 
bent to the required angles (as Stage 2) and 
all that remams to be carried out is the 
final welting. Concentrate on first assem-« 
bling the point where the two bends are 
and then fasten the veitical welt, pull the 

4I3 


diagonal half welts into position, and welt 
the pieces firmly together. With a ball- 
pane hammer the lower portion of the 
vertical welt may now be dressed back. 

All free edges, such as raking edges 
of stepped flashing^, and lower edges 
of hanging flashings should be turned 
back on themselves to form a narrow bead 
for added thickness. 

Back Gutter. It is advisable to have a 
45® angle fillet of timber between the 
brickwork and the base of the gutter to 
facilitate working down the welt. Fig. 2, 
Stage I, shows the end piece bent and 
^ cut to shape. The edge to form a half 
welt is cut in two pieces, but not the 
third, the latter being the point where the 
roof slope meets the base of the gutter. The 
half welt is formed on the sole piece while 
still a fiat sheet, then bent to shape as Stage 
2. Stage 3 shows the finished joint and 
the welt dressed down to the chimney side. 
Avoid making sharp bends until the welt- 
ing is completed. 

Soakers, Tacks, etc. Copper soakers 
are cut from 24 or 26 S.W.G. sheet or strip 
and then bent in the same way as those of 
lead. Stepped cover flashings can be formed 
in a continuous piece or in separate units. 

Tacks, or cleats, are often not necessary 
with apron flashings, but for an apron 
longer than 2 ft. 6 in. cleats or tacks are 
fixed to secure the free edge and prevent 
it lifting. 

In certain cases, for instance, on a 
dormer cheek, the top edge of the soakers, 
forming the upstand, can be welted to the 
free edge to secure a we^ithertight joint, 
unless a lap of a minimum of 2 in. is pos- 



fig, a. Cover fleshing welted to upstend. Fig. 4 
Hanging fleshing, lower edge doubled under fo 
^ stifTness. C, tecks { D, wedges. 
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FLASHINGS : COPPER. Figs. 5-7. Copper aprons at edges of fiat roofs : (5). copper laid over half-round bead, 
which acts as stop to roofing, and turned over to form drip ; (6), alternative drip to that shown in Fig. 5 ; 
(7), stop to roofing formed by double upstand in copper apron : suitable for roof edges at top and sides of fali ; 
D, layers of felt and bitumen ; E, top dressing of macadam or gravel ; F. lining strips. 


sible, in which case the free edge of the 
sheet covering the dormer cheek is held by 
copper cleats. Wedges for fixing flashings 
in brick joints are made by rolling up 
small pieces of copper sheet. (Figs. 3 and 4.) 

Flashings to Flat Roofs. Copper 
is much used in the flashing of flat roofs of 
asphalt, or laminated roofing of bitumen, 
felt and gravel, both for the protection of 
the junction of the roof with vertical 
wailing 01 chimneys and for the apron 
flashings or drips at the edges. For the 
latter, the copper may be laid over a half- 
round bead to form a stop for the roofing 
(Fig. 5) ; 01 at the .sides of the roof a stop 
for the top dressing of macadam or gravel 
may be formed in the copper itself, by 
means of a doubled upstand, since the 
metal, after bending, is sufficiently stiff for 
this purpose (Fig. 7). 

The upstand should be placed a little 
back from the edge of the roof tr. nvoid 
damage by ladflers. In the best practice, 
a lining strip fixed to the fascia or edge of 
the roof is used to hold down the outside 
edge of the copper apron which is doubled 
round it. The lining strip also serves to 
keep the drip s^faight and neat in appear- 
ance. This is illustrated in Figs. 5-7. 

•Any tpron bashings which overhang 
vertical masonry or light-coloured brick- 
work should be iinishcd with a drip well 
clear of the vertical surface, in order to 
avoid any staining by the wash from 
the copper during the initial peric ^ when 
a patina is being formed. ' 

Flashings to Weatherings. Copper 
flashings may also be jequired in con- 
junction with weatherings of copper. 
Stone, epnerete or woo^ cornices, canopies 
and string courses are often covered with 
copper sheet, and when these project 
from vertical Vailing the sheet copper ^is 


turned up against the wall and welted to 
a flashing which is fixed into a joint in 
the brickwork or, where necessary, a 
groove cut in the masonry, with rolled 
copper wedges as already described for 
flashings to chimneys, etc. 

Coverings for narrow horizontal ledges 
or projections can be turned up and fixed 
straight into the brick joint without a 
separate cover flashing, providing there is 
sufficient fixing at the front edge, for 
instance with a lining strip as indicated 
in Figs. 5-7. 

Fla.shings to copper-covered pediments 
are stepped in the usual way. Where 
copper is used for the weathering of wood 
or stone cornices, and a gutter is formed 
in the cornice at the foot of a tiled or 
slated roof, it is usual to finish the junc- 
tion of the guttdir with the roof with a 
separate flashing, which is taken up over 
the I ’Uing fillet and welted to the upstand 
from he gutter on the front face of the 
fillet. 

Copper Flashings in Timber Con- 
struction. In conjunction with timber 
construction, copper cover flashings “^to 
soakers, etc., where tiled or sjlated roofs 
abut timber walls finished wiwa weather- 
boarding or lath and plaster, are taken 
up behind the weather-boarding or 
plaster and copper nailed to the timber 
studding. . 

Horizontal flashings to drip boards over 
windows and doors are taken up behind 
the weather-boarding or plaster in the 
same way. Where external plaster is 
finished over copper flashings, either on 
the slope or horizontally, a good key for 
the bottom inches of pla.ster can be 
obtained by means of expanded metal 
lathing which is fixed to hang down over 
the copper. 
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FLATS: PLUMBING, SANITATION, MOT WATER SUPPLY 

By F. C. Cook, M.ILSanJ. 

Dealing with Flats as they concern primarily the plumber, heating and ventilating 
engineer. The first section is devoted to working-class flats, and gives 
information on hot water supply, wastes, soil pipe arrangements, etc. In the 
second section Flats of a more expensive class are dealt with, notdb being given 
on planning of fitments. The final section discusses water-closet arrangements, 
with special reference to the use of mechanical ventilation. Relevant by-laws are 
quoted throughout. See Bath and Bathroom ; Building Construction ; One- 
Pipe System ; also Acts and By-Laws ; London County Council By-Laws. 


Of recent years flats liave become very 
popular both in London and in provincial 
towns. The shortage of housing accommo- 
dation in the years following the Great 
War was responsible for the Government 
subsidizing housing schemes, not only for 
private concerns but also those taken up 
by local and county authorities. This 
concession was instrumental in abolishing 
many slum areas in large towns, which 
were superseded by the installation of 
blocks of working-class self-contained 
flats. In practically all cases the tenants 
had known nothing better than sharing a 
house with one or more families — an 
arrangement where privacy behind one's 
own door was unknown — and the amenities 
regarding sanitary accommodation were 
in a very meagre form, usually consisting 
of one water-closet in the yard and either 
a tap over the yard gully or a small sink 
and tap on the stairway for the general use 
of all occupants. • 

In the larger towns the question of over- 
crowding was one in which the local 
authorities were powerless, seeing that a 
Court order could not be put into effect 
where there was no alternative accommo- 
dation available. It must be remembered 
tlAt during the War years no new housing 
accommodation was erected, while general 
dilapidatidh was accelerated by the lack 
of maintenance ; some houses fell into a 
state of decay and were rendered dan- 
gerous. It was due to the fact that this 
condition was general (so far a§ the lower 
wage-earners’ accommodation was con- 
cerned) that such rapid strides were made 
in constructing houses on the outskirts 
and wbrking-class flats in towns. The cost 
of land in most towns does not permit the 
erection of separate houses for this class 
of tenant ; therefore, to make the scheme 
an economic proposition, a number of 
accommodations are installed above each * 
other, and we get flats. 


A. WORKING-CLASS FLATS 

The general amenities of modern work- 
ing-class flats usually comprise one to 
four bedrooms, living room, scullery, 
bathroom, separate water-closet, venti- 
lated food cupboard, coal bunker, proper 
cooking facilities and ample cupboard 
storage. In some cases perambulator 
storage and a communal laundry are 
provided. 

Hot Water Supply. Hot water for 
the bath {see Bath) is usually providcjd in 
conjunction with a gas-heated copper 
situated in the scullery adjacent to the 
bathroom ; the hot water supply is 
obtained by water displacement (i.e. cold 
water enters the copper at the bottom and 
so displaces the hot water above, which 
overflows through a pipe into the bath), 
or a small pump is installed where this 
principle is impracticable. The writer 
was concerned with a scheme for supplying 
six blocks of this class of ^at with constant 
hot water on the calorifier principle from 
a central boiler. A 4-in. " primary flow ” 
pipe from the boiler enterfid a 2-ft. brick- 
constructed duct which passed under the 
ground floor of each block in turn, 
while the “ primary return ” pipe was 
attached to an accelerator pump before 
returning to the boiler. ^In each of the 
sculleries a 25-gallon gpjvanizcd hot water 
tank was installed in whjch th( 4 e was. a 
coil of pipes connected* with a vertical 
secondary flow and return pipe, the 
central boiler thus supplying heat to the 
coil. The hot water tank was supplied 
with cold water from the storage cistern 
• in the roof ; this water became heated by 
contact with the heated coil withip the 
tank. The dra^-off taken from the top 
of the tank was connected to the bath , 
and sink ; thereto^ .the hottest water was 
always available. , 

In the general lay-out of these flats, 
so far as the plumbing work is concerned. 
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' 3 et/ pip9 


’A/ternaf/ve methcdi 

^ ! I — ^ p/pe coJ7necf»€/ 

to soJ/ p/pe 


ynKortec/juffctfon 


^'AntMs^onoipep/pe cJhset 


'Sen^. 

June ff on fo /i/ptest c/osgt 


FLATS. Fig. 1. Arrangement of soil pipe an nti-sipf^n pipe for a 
biock of flats : 4-in. c.i. soil pipe receiving closet discharge on each 
floor ; 2-In. anti-siphon pipe connected to soil pipe below last junction 
and abovf* highest, or carried up as shown by dotted line ; ventilation 
of soil pipe and closet traps by anti-siphon pipe and open-air vent as 
regulated by b^-laws (see text). 


it is usu3il to arrange the water fitments 
in close proximity to each other, as these 
recur on each flp> r, one group immediately 
above the other. 


Soil Pipe and Anti- 
Siphon Pipe. With London 
County Co?incil flats it is 
usual for the soil pipe to be 
separate from the waste pipe 
(f.e. the “ one-pipe ** system 
is not adopted). A 4-iii. 
castriron soil pipe is in.stalled 
which receives the closet 
discharge into a junction on 
each floor, while a 2-in. lead 
or cast-iron anti- 
siphonage pipe is con- 
nected to the stack 
below the last junc- 
tion, and with 2-in. 
branches connected 
to each closet junc- 
tion. Tlie termin- 
ation of the anti- 
siphonage stack can 
be treated similarly 
to the soil ventilation 
pipe, or it can be con- 
nected to th(^ latt(.T 
at a point above the top junction (Fig. i). 

The L.C.C. By-law requirements dc'aling 
with ventilation of soil pipes and closet 
traps arc : 

If the soil pipe . . . shall be in connexion 
with any other such htnient . . . the trap of 
every such soil fitment . . . shall be ventilated 
in the following manner." [The necessity of 
providing an anti-siphonago pipe to the top 
clo.se't which has a short branch is qucstif)nable, 
and is in sonic disti^cts omitted.] " The trap 
ventilation pipe .shall be connected with the 
trap vr branch soil j)iy)e ... at a point not less 
than \ '. ee or more than twelve inches from the 
highej. oart of the trap, on tlfet side of the 
water s. al which is nearest to the .soil pipe . . . 
in the direction of the flow' ; ... be carried into 
the open air to a point as high as 
the top of the soil ventilating pipe; 
... or into the soil ventilating 
pipe . . . above the higiijje.st fitment. 

. . . Where the vertical distance 
between the invert of tne outlet of 
the lowest trap connected with the 
soil pipe . . . and the invert of any 
horizontal pipe or drain ... is less 
than ten feet, be continued down- 
ward.s and connected with th^ soil 
pipe ... or drain at a point not 
less than nine inches and more 
than two feet below the invert of 
the lowest branch soil pipe (. . . or 
a manhole in the line of such 
drain)." See Fig. i. 

The same requirements arc 
enforceable on the “ one-pipe " system. 

I Bath and Sink Waste. With regard 
to the bath and sink wastes, in L.C.C. 
flats the fitments are so arranged that the 
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FLATS. Fig, 2. Bath and sink waste : fit- 
ments are connected to the 3-in. c.i. stack 
by P-traps and 1i-in. galvaniled w.i. waste ; 
main stack discharges into gully trap ; no 
anti-siphon pipe here required •'by L.C.C. 

By-laws. 


briulch wastes are short, being 
not more than 4 ft., and discharge 
into a 3-in. cast-iron stack by 
itteans of a i}-in. diameter and 
ij-in. sea^^P-trap connected to a 
i|-in. gdvanized wrought-iron 
waste pipe, lead caulked into a 95 
deg. cast-iron junction ; no anti- 
siphonage pipe is installed, al- 
thoi^h there are washing htn^ents 
disenarging into the same stack 
on each of the succeeding floors. 
Although this procedure is not 
generally recognized, it is provided 
,for in the L.C.C. By-laws where 
the fitments discharge into a gully 
trap via the main waste stack, but 
not when connected to a stack 
which is connected direct to the 
drain. The section dealing with 


ventilation of traps of waste-water fit- 
ments states that : 

'* In order to preserve the seal of the trap of 
any such fitment, such trap shall be ventilated 
whenever necessary by a ventilating pipe carried 
to such a position as to prevent any nuisance 
. . . arising from the emission of foul air from 
such pipe . . .’* * 

The requirement is, therefore, that a 
ventilation pipe shall be installed for the 
purpose of maintaining the seal of the 
trap whenever necessary. 

With the conditions as stated, no siphon 
is installed ; therefore, siphon^e due to 
the discharge of the fitment is impossible, 
while the unsealing of the trap due to the 
discharge of an upper fitment is not 
possible, owing to the enlarged size of the 
main waste pipe (Fig. 2). The writer has 
carried out abnormal tests on a 3-in. cast- 
iron waste stack with a deep sink connected 
to it on each of five floors, in the manner 
previously described. The cubic content 
of the lowest sink trap was measured 
and the four sinks on the upper floors 
were discharged simultaneously ; this 
resulted in a loss of only 5 cc. of water, 
which may be considered as negligible. 

Incidentally, further tests 
did not result in any addi- 
tional loss. With repeated 
discharges from single sinks 
\ Asbestos’- no loss was experi- 
\C(meniFips enced. {See further 
under Anti-Siphon 
Pipe and Trap.) 

Asbestos-Cement 
Soil^ Pipes. It is 

permissible to in- 
stall cast-iron, 
wrought-iron, copper* 
or lead for soil or 
waste pipes, either 
outside or inside the 
building in *the 
London arQStt; while in some 
districts the regulations still 
require lead for soil pipes if 
fixed within the building. Of 
recent years a new pipe 
of asbestos and Portland 
cement has been placed on 
the market for use as soil 



Portland 

Cerrieiit 


Ring oP 
^Yam 


pipes. 


Ffs. 3. AibMtot-cement toll pipe : 
■izes • available, a|-in. and 4-in, 
internal diameter ; standard thldk- 
nese, In. : pipes and fittings sap- 
piled coated with mineril bitumen ; 
Joints easily made as shown. See 
«fo Fig. f, p. 72. 
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It has been used in 
some districts onr 
housing schemes 
and is cheaper than 
iron, the joints being 
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made ‘with Portland cement ; a^ to its 
suitability, time will be the deciding 
factor, and it will be seen whether it wiU 
be generally adopted {see Fig. 3, also Fig. i, 
p. 72, under Asbestos-Cement). 

Some working-class flats are constructed 
on the “ one pipe " system, which will be 
dealt with when describing high-class flats. 

B. HIGH-CLASS FLATS 

Since the Great War a vast number of 
residential flats have been constructed, not 
only in the London area but in the pro- 
vinces and seaside towns. The fashion <»f 
having a town house appears, to a very 
large extent, to have been superseded by 
the vogue for a town flat. This has been 
brought about, particularly in the West 
End of London, by the fact that com- 
mercial interests have acquired the large 
town houses, while enterprising specu- 
lators are still constructing flats for 
occupation of those dis-housed ; the ser- 
vant question also plays a part in deciding 
in favour of a flat, which, of course, is more 
economical. 

Ame-’i’ties. The amenities of a modern 
flat have been greatly increased during the 
last few years. The provision includes 
several bathroonis to a three- or four- 
bedroom flat ; cen- 


refrigerators, electric fires ; Viring for 
radio and television reception ; gym- 
nasium, bathing pool, squash courts ; 
restaurant, hairdressing *s^oon ; social 
club ; pets' hospital ; porterage, etc. In 
one large block of flats within the writer's 
knowledge, a bomb- and gas-proof shelter 
has been installed to accommodate 230 
persons, the equipment including recon- 
ditioned air, lavatory accommodation in 
the form of chemical closets, lavatory 
basins, and fresh water storage. 

Vertical Duct for Pipes. The trend 
of modern architecture, from a plumbing 
aspect, is to show no pipes either inside or 
outside the building ; therefore a plumb- 
ing space has to be provided for their 
reception in the form of a vertical duct, 
constructed of breeze slabs on three sides, 
and built on to a partition wall or an 
external wall (Fig. 4). Usually the sani- 
tary fitments are conveniently grouped so 
as to facilitate the fixing of waste, ven- 
tilating and service pipes to and from the 
fitments. The fitments to a bathroom 
generally consist of a water closet, bath, 
lavatory basin, and bidet {which see) ; 
the last-named fitment is now finding 
favour in high-class flats. 
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* One-Pipe * System. As in the case 
of the flats previously described, bath- 
rooms and kitchens are planned above 
each other on 'succeeding floors, which 
renders the “ one-pipe system of plumb- 
ing more adaptable for installing. This 
system is now common practice in the 
London area, and is provided for in the 
1934 Revised By-laws of the London 
County Council. The section dealing 
witli sewage drains and their ventilation 
refers to 

" the waste pipe or ventilating pipe of any waste 
water fitment where such pipe is connected 
directly to such drain . . . shall be deemed to 
provide the necessary means of ventilation/* 

Waste water fitments, when fixed in 
direct contact with drain air and not 
connected to a gully trap, must comply 
with the following section : 

“ If such waste pipe or ventilating pipe is 
connected directly with any sewage drain or 
sewage drain ventilating pipe, and any trap 
connected therewith shall be in conformity with 
the following requirements.*' 

[The following is an abbreviated form of the 
By-law, indicating the salient points.] '* Such 
waste pipe and ventilating pipe .shall be con- 
structed ... in the manner prescribed for soil 
pipes . . . the internal diameter . . . shall be 
not less than one and a quarter inches ; . . . 
shall be trapped immediately beneath such 
fitment by a suitable and efheient tubular trap ; 

. . . such trap shall be formed and fixed .so as 
to be capable of maintaining a water .seal of 
three inches where such inlet has an internal 
diameter of less than three inches.’* 

It will be seen that a waste pipe or a 
waste pipe stack can r (if the conditions 
permit) be connected direct to the drain, 
and need not, as is sometimes supposed, 
be always connected to a soil pipe. (.StY" 
the heading “ One-Pipe " System for full 
details). 

Planning of Fitments. The arrange- 
ment of the fitments in a well-]flanned 
bathroom pWill provide a loop or circuit, 
the lower^ portion being used for the waste 
and the upper part for ventilation pur- 
poses, and vertical pipes can be installed 
between the waste and the ventilation 
pipes for the purpose of connecting the 
trapfe from the fitments, a 5 shown in 
Fig. 4. 

The writer has carried out a number of < 
severe tests on systems installed on the.se 
lines, with excellent results. 

Shower Bath. Shower baths are often 
provided for by some architects and are 
very economical in their use of water, 
requiring only about one-fourth the 
amount necessary for the ordinary panel 


bath. With the pQrcelain-enamelled iron 
shower-fcath tray the outlet is usually in 
the centre ; this position makes it impos- 
sible to comply with the By-laws regarding 
the ventilation pipe of the trap (being 
taken not more than 12 in. from the crown 
of the trap), seeingethat the trap is very 
close to the underside of the tray. It is 
therefore usual to connect the pipe into 
the waste pipe immediately it passes the 
tray ; if there is a false ceiling beneath, 
allowing for a good fall to the waste pipe, 
the ventilation can be fixed within the 
12 ins., as specified in the By-laws. 

Closet Apartment Ventilation. 
Water-closets fixed in an apartment which 
has an external wall must have a window 
at least 2 sq. ft. in area, and permanent 
ventilation, and abut upon an open 
area or space at least 100 sq. ft. in area, 
with a minimum width of 3 ft. if enclosed 
on not more than two sidcis, and 7 ft. if 
entirely enclosed. Basement closets may 
have a restricted area of 40 sq. ft. with a 
minimum width of 5 ft. ; and if the area 
is used exclusively for liglit and ventilation 
of the closet apartment, then a further 
re.stricted area of 25 sq. ft. is permissible. 
It was not until 1930 that basement 
closets were legalized in the London area, 
and concession from the local authoritii‘s 
was necessary prior to that date. 

Mechanical Closet Ventilation. A 
large number of modern flats are 
planned with a centre corridor through 
the length of the builfliiig, with flat.s on 
either side. The entrance door to the 
individual flat opens oui to a small hall 
with the habitable rooms facing ; on one 
side of the hall is a bathroom containing 
a closet, and on the other a kitchen ; both 
the two latter apartments are constructed 
internally (i.e. they have no external wall) . 

It is necessary, thercffore, to provide 
mechanical ventilation for Ijjie dosed 
apartment by means of»tfmain duct, with 
branches from each closet apartment 
joining the main at ceiling level. The air 
is drawn from the apartment by means of 
an electrically driven fan which exhausts 
the air at the rate of 750 cu. ft. per hour ; 
or, if the apartment contains the closet 
only, then the rate must be three complete 
changes of air ^)cr hour. Fresh air inlets 
are required to be provided. This last 
provision appeaife’to be not only super- 
fluous but illogidal, as it is most undesir- 
able to have a current *of ^old air passing 
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over one's body when leaving a warm 
bath in the winter season. 

From many tests the writer has carried 
out on these ventilating systems there is 
practically no difference in the rate of 
extract whether a fresh air inlet is provided 
or not ; the same comment is applicable 
when the door of the apartment is open or 
shut and no fresh air inlet is installed. 

The London County Council By-Laws 
on ipsidc closets appear very clear and are 
worth quoting ; 

“ If so situated that none of its sides is an 
external wall and an open area is not provided,** 
[shall] have suitable means of artificial lighting 
and a suitable system of mechanical ventilation 
complying with the following requirements : 

(i) The system of ventilation shall be separate 
and distinct from any system of ventilation 
installed for any other purpose ** [which means 
that the kitchen ventilation system cannot be 
joined to the closet ventilation system in the 
scheme under discussion]. “ (ii) A sufficient 
number of suitably placed fresh air inlets shall 
be provided.** [This has been taken to mean 
that a duct shall provide external air to the 
apartment.] '* (iii) The fan and motor or other 
mechanical means shall be in duplicate, and 
capable of extracting air from the water-closet 
at a mmiinuiii rate of 750 cu. ft. per hour per 
soil pan or basin. The aerial content of the 
water-closet shall be changed at lea.st three times 
per hour.** [The fan and motor are required to 
be in duplicate in order that the second set shall 
act as a standby in case the first set should fail.] 

Testing Extraction. The method 
adopted for testing the rate of extraction 
of air from the apartment Us to use an 
anemometer. This is a small metal 
rotary fan with m0tal blades, very finely 
adjusted, which actuates index dials 
and records the^rate that air is h^ ing 
drawn from the apartment through the 
rnejal grating attached to the branch duct. 

* It is usual to allow the test to be aj^plied 
for one minute, thus recording extract of 
air in lineal feet per minute of the effective 
area of the grating, which must be 
calciilatcd|to its pft)portion of a square 
foot’. This amoifnt, when multiplied by 
the lineal feet recorded, will indicate the 
amount in cu. ft. extracted per minute ; 
this, when multiplied by 60, will give the 
amount in cu. ft. extracted per hour. 
Another method, which the write, has 
found more exacting, is to make a flat, 
square 'pyramid of metal the exact size 
of the grating and form an*opening in the 
apex just large enough to insert the 
circular anemometer. TSis has the effect 
of increasing the speeJ, owing to the 
smaller opening* All air extracted must, 
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therefore, pass through the anemometer 
and be recorded. If the closet apartment 
is a small one, such as frequently occurs — 
say, 5 ft. X 3 ft. X 8 ft. high — the cubic 
content of the apartment will be 120 cu. ft., 
and to apply that portion of the By-Law 
requiring 750 cu. ft. per hour would result 
in at least six changes of air in that 
period, and cause the apartment to be very 
cold during the winter season. Therefore 
the three changes per hour, as specified, 
should be applied. 

Closet Approached from BedroonH. 

Another provision of the L.C.C. By-Laws, 
which adds greatly to the amenities of 
the flat, provides that “ a water-closet used 
exclusively with a bedroom or dressing 
room may be entered directly from sucli 
room." This provision is very acceptable 
in high-class flats where a bathl-oom 
adjoins the bedroom. Prior to 1930, when 
the By-Law was passed, a closet was a 
prohibited fitment in the bathroom if 
entered directly from a bedroom, and was 
required to be placed within a separate 
apartment cither constructed within the 
bathroom or on the landing adjoining ; 
now it can form one of the bathroom 
fitments, if used only by the occupants 
of the bedroom. 

FLOW PIPE. The " positive " pipe 
in the primary circulation ascending from 
a boiler conveying hot water to the upper 
portion of a circulating cylinder. In a 
secondary circulatjpn also the flow pipe 
is the positive pipe — t.e. that portion of 
pipe branching from the top of a hot-water 
cylindt . to feed the various hot taps on 
the do: w‘stic supply. After *the last hot 
branch it becomes a “ return " pipe to 
the rylinder. 

Similarly, the flow pipe in a heating 
system conveys the heated water from the 
highest point of a boiler, liscending 
throughout a building and d^cending 
from i^’'^ highest point as a ** return " to 
the bottom of the boiler. In the single- 
pipe system of a low-pressure heating 
apparatus the flow pipe ascends from*thc 
top of boiliT to supply radiators. The 
^mall brandies taken from the top (where 
horizontal) of this flow pipe are “ flow 
branches," and the radiator returns are 
branched in at the side of the flow pipe. 

The flow pipe from a town's storage 
reservoir is the pipe taken from near the 
peservoir bottom to supply the town's 
water. 
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FLUES: FOR GAS-FIRED BOILERS. FIRES & 
OTHER GAS-BURNING APPLIANCES 

By L. C C lUyner, AJ.E.C 

This article Is devoted to flues and flue accessories needed for gas-burning appli- 
ances. (For flues to boilers and other appliances using solid or liquid fuel, see 
Chimney.) In the present contribution Mr. Rayner discusses the essential require- 
ments for a proper flue system. See Asbestos-Cement ; Gas Fitting. 


It is good practice to provide a flue for 
every gas-burning appliance ; those burn- 
ing up to 10 cu. ft. of gas per hour per 
1000 cu. ft. of room volume, are often 
fixed without a flue, provided the room has 
adequate ventilation. Beyond thisconsump- 
tion a proper flue should certainly be used. 

The requisites of a proper flue are : 
adequate area to carry off the- products 
of combustion ; termination in a suitable 
position so that under no wind conditions 
can a down-draught be formed ; the abso- 
lute prevention of a blow-back extinguish- 
ing the flame ; means for removing water 
of condensation that may form ; resis- 
tance to corrosion. In contradistinction 
to the flue for a solid fuel boiler, draught 
pkys very little, if any, part in the flue 
for a gas appliance, since there is no fuel 
bed through which air must be ‘‘pulled." 

Condensation Troubles. The pro- 
ducts of combustion of town's gas 
consist very largely of water vapour. 
So long as the flue temperature remains 


above the dew point (about 120® F. 
to 130° F. usually), the water vapour 
will not condense. Modem gas boilers 
are so efficient that the flue gases leave 
them at quite a low temperature, and 
almost always cool below the dew point 
before leaving the chimney. The water 
of condensation thus formed will seep 
through the brickwork of an ordinary 
chimney, staining the plaster. If such a 
chimney is to be used it must be lined 
with glazed tiles, glazed sewer pipe, or 
asbestos-cement pipe. Where it is impos- 
sible to do this (as in the case of an existing 
chimney), the chimney should not be used 
and an independent flue pipe should be 
run. Where a brick chimney is employed 
the pipe lining should be fitted with 
sockets uppermost, the joints being made 
with lead wool thinly covered with cement. 
The area of the chimney should be not less 
than that of the boiler flue outlet. To 
prevent down-draught the chimney should 
tenninate above surrounding objects, as 
explained u^der Chimney. A suitable 



FLUES : Qat-burning Appliances. Fig. 1 (left). Boiler flue dischargina into bdc.k chimney lined with asbestos- 
cement or glazed drain pipe and having socket turned upward. Fig. 2. IndefBndent flue where no chimney Is 
available, with Q.L.C. '*Ventile" on outside wall bvell clear of windows), ^ig. 8. Independent ‘flue carried 
above eaves of Ibw building, with Q.L.C. terminal. All three require baffle (ms o/m Fig. 4) above boiler. 
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Independent Flue. When an in- trouble. Failing this it is sometimes 
dependent flue is to be run, asbestos- possible, by adjusting the draught diverter, 
cement pipes are the only suitable material to prevent the condensation of water. If 
in the case of boilers. Metals, unless pro- sufficient air be allowed to flow up the 
tected, must not be employed, because the chimney there is insufficient moistute to 
slightly acid fumes quickly corrode, parti- saturate it, and the diverter is adjusted 
cularly with condensation. The flue should until the right quantity of air enters the 
be finished with a terminal which wiU chimney. However, on cold days it may 
prevent down-draught, such as the G.L.C. be found that the flue gases are cooled so 
“ Ventile ” for wall fitting and the G.L.C. much that condensation still occurs. To 
tei?ninal for vertical pipes. These are avoid trouble altogether a drip should be 
shown in Figs. 2 and 3 respectively. If in used (Fig. 3). This consists of a tee with 
Fig. 2 the horizontal pipe has an appre- the outlet looking down, inserted in the 
ciable length, the vertical part must be flue pipe. The outlet is fitted with a 
at least twice as long as the horizontal, reducer from which a drain pipe is run to 
The terminal must be kept well clear of a gully or sink. This pipe should be not 
windows, to avoid , less than 1 in. and preferably I in. in 

fumes entering diameter. 

the rooms. In the Gas appliances other than boilers need 

case shown by equal care in arranging for the disposal of 

Fig. 3 the same flue gases. It must be remembered 

precautions / \ that incomplete combustion occasionally 

should be taken / ^ \ takes place, resulting in the production of 

against down- / \ carbon monoxide. This is poisonous and 

draught as with / / \ \ quickly fatal if inhaled. Gas fires should 

an r ’'binary ^ — - »— always have a flue connexion, and if an 

chimney. existing chimney is used it should be 

Down-Draught LrOi-J tested to check that it is not subject to 

Prevention. . Gas buTnJn^ A down-draught. This may be done with 

Precautions piiances.' Fig.*'4!*^ BaSie or a lighted piece of paper. If down-draught 
should always be found the chimney must be extended or 

taken to ensure ’ ’ ’ an individual asbestos-cement flue run. 

that any down - draught in the flue Small gas boilers should be treated in a 
cannot extinguish the gas flame. This is similar manner to larger boilers, as already 
of particular importance with boilers described. Usually condensation trouble 
which use a self-piTot. In these no separate is not experienced because the flue gas 
pilot light is used, but when no heat is re- exit-tomperature is higher, 
quired the main^gas jets are closed down Gey ers. A geyser must^^have a flue, 
until they are only about J in. high. In this No pn dsion need be made m the flue for 
stjte they are particularly easily extin- condensation, since the geyser itself will 
* guished and, moreover, the fact may have a condensation drip from its tray, 
easily go unobserved. A break must there- This should be taken into the bath wast^ 
fore be made in the connexion between above the trap, never into th^bath. If 
bofler and chimney. Often the boiler is taken into the latter the condensation will 
fitted wi^ a haffif (which see) or draught quickly discolour and eventually destroy 
diverter, one example of which is shown the buth enamel. In the past the flue 
in Fig. 4. If this is not the case, one must outlet from a geyser has often been 
be fitted. Occasionally a flue tee is used allowed to discharge into the roof space 
instead. It is fixed in a vertical position, above the bathroom. It is better to avoid 
the top going to the chimney, the bottom this, taking the flue into the outer air. 
being open to atmosphere, and the l inch * It should be fitted with a proper terminal 
going to the boiler. See Gas Fitting. and an efficient baffle. 

Gas Boilers. It is usually found. The products of combustion from gas 
as mentioned above, that a gas boiler cookers are usually allowed to discharge 
•flue produces a lot of water of condensa- straight into the room, so there is no 
tion. If a brick chinmejais used, a grating possibility of back-draught. If a flue is 
or opening into the chimney below the Atted it should be treated similarly to 
boiler connexiqias ynH often prevent any those of other gas-burning appliances. 
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Where more than one gas-heated boiler 
or other fitting is adjacent to a suitable 
brick flue they may all be connected to 
it. In no circumstances, however, should 
boilers burning solid or liquid fuel be 
connected to the same flue as a gas-burning 
fitting, owing to the greater possibilities 
of corrosion and, perhaps, explosion. It 
must be remembered that gas requires air 
to bum it, and without an adequate 


air inlet to the boiler rbom the gas flames 
may tend to leave the jets and may go out. 
If necessary inlet gratings should be 
provided. 

FLUES : for Solid-fuel Boilers, 

etc These are discussed under the 
heading Chimney (^htch see). Flues for 
gas-fired boilers are dealt with under 
their own heading, in the article immedi- 
ately preceding, beginning in page 426. 


FLUSHING CISTERNS AND TANKS 

By Percy Manser, M.R.San.l., R.P. 

Flushing cisterns for Water Closets and Urinals are discussed in the first part 
of this article, the various types being described and their working explained. 
A section deals with fault* and their remedy, and another gives extracts from 
the M.W.B. by-laws. Automatic Flushing Tanks for drainage systems are the 
subject of the final section. See Flushing Valve ; Water Waste Preventer. 


Flushing cisterns or tanks are of two 
kinds : hand-operated and automatic, 
and both are used for flushing sanitary 
fittings. The first named are waste 
preventing cisterns used mostly in associa- 
tion with water closets, and have a capacity 
of two gallons. In certain cases the 
permitted capacity is three gallons. They 
are sometimes used for urinal flushing, 
and the capacity may be one or two 
gallons according to the t}q)e of urinal. 



Capacity as mentioned here is the amount 
of the actual flush. Automatic tanks are* 
used for various purposes, e.g. flushing 
^ grease traps, drains, urinals, trough closets, 
etc. ; they vary in capacity from one to 
thirty gallons for ordinary use. 

A. WATER WASTE PREVENTERS , 

Waste preventers are of the siphonic 
type and valveless, the contents must 


be discharged by siphonic action without 
the use of a valve which will permit water 
to pass into the. flush pipe other than by 
way of the siphon. There are numerous 
types, made in cast-iron either painted, 
galvanized or porcelain enamelled ; porce- 
lain enamelled fireclay ; and wood with 
sheet-lead or copper linings. The manner 
in which siphonic action is brought about 
varies with different makes, but in the 
main it consists of simple mechanism, 
actuated by a chain pull and lever or 
by a lever ^ilone, which lifts or forces 
water over a siphon bend to displace the 
air sufficiently to set-up siphonage. In 
some makes this is done by the downward 
pull of the chain lifting a piston rod 
attached to a plate or disk within a 
cylinder ; the disk throws water over the 
siphon bend ; and siphonage of The 
contents of the cistern follows. Fig. i 
shows a waste preventer of this type. 

One of the simplest forms of cistern is 
the bell siphon pattern, which operates 
on the “ pull-and-let-go " principle (Fig. 
2). The chain is pulled and on being 
released the bell is allowed to drop back 
into the well of the cistern ; this causes 
water to pass over the edge of the stand- 
pipe and set 
up siphonage. 

There are 
numero u s • 
e xcell en t 
types of I 
water waste ' 
preventer 
Iwhich see), 


& 
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the chief of which are discussed later in 
this work ; certain important points should 
be emphasized here. Cisterns should be 



FLUSHING CISTERNS AND TANKS. Fig. 2. Bell valve- 
less siphon cistern: enamelled iron shell, reversible cover 
and lever. After pulling, releasing lever starts siphonaga. 

Shanka A Co., Idd. 

as sHent as possible in action ; without 
too many working parts ; should fill within 
two minutes after the appliance is flushed. 

It should be pointed out with respect to 
the last item that many of the cheaper 
makes of cistern are provided with liigli- 
pressure ball valves, and 
these have been fixed regard- 
less of the head or pressure 
of water available, with tht; 
result that complaints soon 
arise about the time taken to 
obtain a second flush. On 
inspection it is^often found 
that such delay is due to a 
low head of water and a high 
pr&ssure valve. It is im- 
portant to fit the cisterns 
with valves to suit the 
existing water pressure if a 
sati^actoiy and sanitary job is to result. 

In •addition to th(; items mentioned here, 
the plumber should be acquainted with 
the by-laws in force in the district. 

Low Level Cisterns. The flushing 
cisterns used with low-down w.c. suites 


are similar in all respects to those for high 
level cisterns. There are, however, certain 
variations, in that somc*types are fitted 
with submerged supply valves connected 
through the bottom of the cistern. The 
main difference is that they are operated 
by a small hand lever or push-in knob, 
and the flush pipe (which is often a unit 
supplied with the cistern) is, as a rule, of a 
larger bore than the longer flush pipe 
fitted to a high level cistern. 

Ranges of Closets. Ranges of water 
closets are often fitted with waste pre- 
venters without the usual overflow pipe 
and ball valve. The supply is from a 
master cistern fixed at the end of the 
range (Fig. 3), and one ball valve and one 
overflow pipe only are necessary. A feed 
pipe from the* master cistern is carried 
along beneath the preventers, with a 
branch pipe connected to the bottom of 
each. Another type is the continuous 
trough for ranges of closets, which is a long 
trough of galvanized steel or glazed fire- 
clay fixed along the top of the apartments 
(Fig. 4). The trough is fitted with siphon, 
lever and chain pull for each w.c., and 
only the permitted flush is allowed to pass 
each time the apparatus is used. One 


overflow pipe only is required,* and one 
or tw^> supply valves, according to the 
number of water-closets in the range. 

Operation of Flushing Cisterns. 

Based upo» the siphon principle, in which 
the flush -npe is the long leg and the 



Fie. 4. Continuous overhead trough for range of water closets, with 
siphon, lever and chain pull for each closet ; one overflow pipe and 
one or two supply valves. 

Adamaez, Ltd. 
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siphon in the cistern is the short leg. Metropolitan Water Board. This consists 
In the case of hand-operated cisterns the of a metal disk contained in a union 
air in siphon and*^the flush pipe is normally fitting ; a tiny hole is bored in the disk, 
at the atmospheric pressure of 147 lb. which permits a measured quantity of 
per sq. in. To bring about a reduction of water to pass in a given time according 
this pressure (usually referred to as a to the pressure ^and the intervals 
partial vacuum), water is induced by between which the*" cistern is required 


various ingenious methods to pass sud- to flush, 
denly into the flush pipe via the siphon The reverse-action valve is a fitting 
bend or the standpipe. This sudden which permits a dribble of water to pass 
reduction of pressure is ^ _ until the cistern is nearly 

followed by the immediate when the ball float 

discharge of the contents of rises, opens the valve, 

the cistern, caused by the allows water suddenly 

pressure of the atmosphere to enter, fills the cistern 

upon the surface forcing the a and sends a volume of 

water downwards to re- water into the siphon, and 

place the partial vacuum. ^ / sets up siphonic action. 

As the water level ap- “ Different forms of siphons 

proaches the bottom of the "1 are used in each case. A 

cistern the siphonage is ^ c well-known automatic ap- 

“ broken ** by the admis- ^ H ^ pliance is that which was 

sion of air, which is ar- invented by the late Mr. 

ranged for in various ways Roger Field, C.E. This is 

according to the make of shown in Fig. 5, and it will 

cistern. be seen that it consists of 

In some makes siphonage container A ; trapping box 

cannot be induced unless B, with outlet C ; standpipe 

the cistern fills to a certain D, and dome E, which to- 

level, and this has often gether form an annular 

been the cause of complaint. siphon. The standpipe 

The trouble is, of course, r_. ^ terminates below the level 

due to the ball valve not of the outlet pipe, forming 

functioning correctly, and a trap. At the top of the 

closing before the cistern standpipe is a small taper 

has filled. Most cisterns are inlet piece F. The object 

plainly marked with a line of this is to conduct the 

and the words "WATER water cleal'of the sides as it 

LINE cast in raised letters (top) tection — a, container; B, trap- passcs over the edge of the 
with the cistern shell ; the pipe. The trapping box«B 

ballvalveshouldclo^when first charged. As the 

tne water reaches this line. cistern fills, the air con- 

Cistems wdiich have been in use for some fined in E and D is qpmpressed, and 
time ofte* fail to fill sufficiently, and this offers resistance to .^he rising water, 
is usually due to the valve washer which is therefore lower thai^- thai .in 
swelling and closing the inlet before the the cistern and rises more slowly. When 
water has reached the correct level. water reaches the top of the standpipe it 

passes over the lip drip by ^ip, until the 
B. AUTOMATIC CISTERNS water level H is forced down to H*, and 

Automatic cisterns as the name implies, air begins to escape ; the pressure is thus 


B. AUTOMATIC CISTERNS water level H is forced down to H*, and 

Automatic cisterns as the name implies, air begins to escape ; the pressure is thus 
are self-acting, and siphonage is brought suddenly reduced and water rises quickly 


about by either a drip supply or a 
reverse-action ball valve according to 


within the dome, passes in volume into 
pipe D, displaces the air and sets up 


'the type of siphon provided. The first siphonage. As the water reaches the, 
are those in which the cistern is filled bottom of E, aif is admitted and the* 
completely by a continuous drip, regulated^ cistern begins to refill. The level to 
by means of a petcock, or by some special which the water rises in the cistern is 
fitting such as the disk fupply union of the shown in the diagram, ahd is equal in 
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height above the top of pipe D to the 
depth of submersion of D in the trapping 
box. This is necessary to obtain sufficient 
compression of the confined air in order to 
force the water level down from H to 

Supports for Cisterns. The supports 
for flushing cisterns arc usually brackets 
of cast-iron of the cantilever or screw- 
on type and may be painted, galvanized, 
or porcelain enamelled. The cantilever 


By-Law 63. A flushing cistern provided in 
connexion with a water closet or urinal shall be 
so constructed and maintainec} that water cannot 
flow down the flushing pipe except whilst a 
flush is being properly delivered, and so that it 
shall not discharge at one flush more than its 
permitted capacity. 

By-Law 68. A person shall not fit or use 
upon any premises any self-acting or automatic 
flushing apparatus through which water of the 
Board is intended to pass unless the water 
passing through such apparatus shall be supplied 
by measure. 


pattern has projecting lugs for building 
into the wall, and these should be firmly 
set in Portland cement mortar. The screw- 
on pattern may be fixed {a) by Rawlplugs ; 
(6) to a backboard which in turn is firmly 
fixed to plugs or blocks ; 

(c) by hardwood plugs or 
blocks firmly embedded 
in the wall (Fig. 6). 

Ordinary softwood plugs JR 

are seldom successful, as A M 

they shrink and become 
loose. Backboards are ^ 

gener^Jlv used when the /Vaster faca 

wail face is of plaster or 
plain brickwork. For WIA 

glazed or tiled surfaces . W/M 
the brackets should ^ W/m ■ 

be fixed direct to ' "f WU n - 

the wall by method (a) 1 I ^ 

or (c). Where ranges of / 

w.c.’s occur and the 

cisterns arc fixed to the 

side wall they are«some- wMm 

times fixed back to back w&m 

and bolts passed through 

to secure the brackets, as in Fig. 6 (d). 

C. WATER BOARD REGULATIONS 
* Extracts from the by-laws concerning 
flushing cisterns and made under Section 
16 of the Metropolitan Water Board Act, 


It has been mentioned that flushing 
cisterns to w.c.'s should be of the valveless 
type, but this requirement docs not apply 
to flu.shing cisterns fitted in certain classes 
of building in which the water is supplied 







FLUSH'NG CISTERNS AND TANKS. Fig. 6. Suppoi iS 
for flubi i ig citterns. Brackets : A, with backboard 
fixed to dged and expanded wood plugs ; B, fixed to 
ordinary taper wood plugs (wrong method) ; C, 
screwed direct to "dovetail " wood plugs In brickwork ; 
D, back to back and bolted together through partitions 
in w.r. range; E, cantilever built-in bracket ; F, bracket 
fixed to wood grounds behind tiled face. 

by measure, provided that practicable 
steps are taken in the const^ction of 



1932, are given here ; 

By^aw Cast-ir6n flushing cisterns shall 
be nbt less tnan threefsixteenths of an inch thick 
with a bead round the top and shall be efficiently 
protected against conosion. 

By-Law 58. The siphon, or dome and discharge 
pipe, as the case may be, of every flushing 
cistern shall either be of corrosion resisting 
materials or be efliciently protected a^ 'Inst 
corrosion. 

By-Law 59. The ball tap of every flushing 
cistern shall be of such design as to allow the 
cistern to fill within a period not exceeding two 
minutes after the cistern is operated, and shall 
dose when the water reaches the water line. 

By-Law 6d. In every witer closet flushing 
cistern of & capacity not exceeding two gallons 
the outlet nipple, the tail pipe and the flush pipe 
shall each be not*less than one and a quarter 
inches in internal diameter. • 


such cisterns to prevent waste, misuse or 
contamination of water. A similar pro- 
vision is made in respect of the permitted 
flush of 2 gallons. In certain classes of 
building a flush of 3 gallons is permitted if 
the water is ^.upplied by measure, and steps 
are taken in the construction of sucli 
•apparatus to prevent waste, undue con- 
sumption, misuse or contamination of 
water. 

O. FAULTS IN FLUSHING CISTERNS 

Failures of flushing cisterns may be 
due to various causes, and in many cases 
a knowledge of simple physics will help to 
determine what is wrong. Improper filling 
with certain typesf has been mentioned. 
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Another cause of failure is a faulty flush 
pipe ; where the pipe enters the basin 
nozzle a pocket "retaining water (as shown 
in Fig. 7) has been sufficient to prevent 


Correci line 
ofpipe^ 


FLUSHING CISTERNS AND TANKS. Fig. 7. Pockets which prevent 
siphonage, formed by badly fitted flush pipe: A, pipe fixed centrally on 
back wall ; B, pipe passing down corner of apartment. 

siphonage taking place. Failures have ments : thi 
been caused by w.c. basins fitted with an supply reg 
" after flush '' chamber. This chamber intervals v 
is drained into the basin by a small weep amount of { 
hole, as shown in Fig. 8. Stoppage of this deal with t 
weep hole has been sufficient to prevent charge of a 
siphonage, owing to the water in the undue accu 
chamber partially blocking the air passage trap and co 
through the inlet nozzle. Three instances drain and ii 
of bell siphon cisterns which continued Flush-ou‘ 
siphoning in spasmodic jerks after being where large 
flushed appeared to be due to the base of water are 
the bell being flooded by fast incoming drains (as i: 
water before the siphonage was broken," ^nd similar 
and the following cures were effected. • the water si 

Case A. Bell and standpipe, which were 
thickly coated with rust, were cleaned and 
coated with hitumastic paint as a protection, i 

Case B. A small hole was drilled in the bell ' 
near the bottom to admit air. 

Case C. The incoming supply was throttled 
down by inserting a perforated disk in the tail 
fiiece of the ball valve after disconnecting the 
supply union. 

Failures of automatic cisterns when the 
fitting afid the water supply are in good 
order are generally due to a partial stop- 
page of the flush pipe. Failure of a cistern 
supplying a urinal was due to choked holes 
in the galvanized iron spafge pipe or ferent type 
sprinkler. A cistern used for flushing a flushing oi 


E. FLUSHING TANKS FOR DRAINAGE 
SYSTEMS 

Automatic flushing tanks are used in 
connexion with grease traps and grease 
gullies (both of which are de- 
scribed under Grease Trap). 
These traps are designed to 
Correct line ^^^Id a fairly large quantity of 
oF pi pe\ water to cool the grease and 

— prevent it passing into the 
drain in a semi-liquid state 
I where it would solidify and in 

time cause a stoppage ; this 
is a too frequent occurrence 
where grease in quantity is 
allowed to enter the drain. 

^ The flush tanks are of the 

which prevent automatic type and vary in 
tment.*'^*"'^ Capacity from lo to 20 gal- 
lons according to require- 
ments : they are usually fed by a drip 
supply regulated to permit flushing at 
intervals which are determined by the 
amount of greasy discharges the trap is to 
deal with per 24 hours. The sudden dis- 
charge of a large volume of water prevents 
undue accumulation of grease, scours the 
trap and conveys the contents through the 
drain and intercepting trap into the sewer. 

Flush-out grease traps are necessary 
where large quantities of greasy 
water are discharged into the 
drains (as in 'hotels, restaurants 1 I 
and similar buildings) , but where 
the water supply is limfeed a dif- 



Chamber 

Fig. 8. 'Section through back 
of *w.c. basin find 'Vafter- 
flush *’ chamber showing 
level* of water when weep 
hole Is choked, preventing 
siphonage. 


in the galvanized iron spafge pipe or ferent type of trap which does not require 
sprinkler. A cistern used for flushing a flushing out is used, the grease being 
grease gully failed because the inlet con-c removed periodically by hand. The auto- 


nexion of flush pipe to the gully became 
partially choked with grease. It was dis- 
covered that large quantities of greasy 
water were being discharged into the gully, 
and the cistern was flushing only at long 
intervals : hence the accumulation oi 
grease at the inlet. More frequent flushes 
overcame this trouble.* 


matic tanks used for grease trap flushing 
may be of the Roger Field t3q)e,- shown 
in Fig. 5, although ‘ other makes which 
work by drip supply are obtainable. The 
tank should be fifced well above the grease 
trap, to permit 6f a good head and thus 
produce a scouring effect and complete 
removal of the grease. 


432 




FLUSHING VALVE 


Drain-flushing 
Tanks. It is often 
necessary to provide 
means for flushing drains /;: 

in order to cleanse the 
interior and remove any 1 
solid or liquid matter 
which the discharges 
from usual fitments fails 
effectually to carry away. ^ ! 

This is especially appli- ' 
cable to lengthy drains . 
which do not receive 

waste water in sufficient 

volume to enable them flushingcistei 
to be self-clcansing ; or ?krried* *to bottom o 
to drains which must of 

• j i 1 • j X John Boldti 

necessity be laid to a 

low gradient. The usual fall for a 4-in. 

drain is i in 40 (i.e. 3 in. in 10 ft.), 


FLUSHING CISTERNS ANDTANKS. Fig. 
9. *' Vedas '* silent cistern: note dip pipe 
carried to bottom of cistern to avoid noise 
from incoming water. 

John Bolding d Sons, Ltd. 


Diameter of 
drain in 
inches 

Length in 
feet 

Capacity of 
tank in 
gallons 

- ^n. 

40 to 60 

20 to 30 

4 in. 

75 10 120 

50 to 60 

5 in. 

40 to 60 

30 to 40 

5 in. 

75 to 120 

60 to 75 

6 in. 

40 to Oo 

50 to 60 

6 in. 

75 to 120 

70 to 120 


but they nuist often be laid at less gradient 
than this. It is a good plan if the dis- 
charge from a bath or 
baths enters the drain ^ 

at’ the highest end, as 
this provides a %ood ||||| 
volume of water for |||||| Ir . I 

cleansing. It is not ||||i I 


: 


Fig. 10 (above). ** Certus ' 
automatic flushing tan)c for ii 
drains, which will discharge with • 

^slowest feed (Burn Bros., Ltd.) : 
tank and castings galvanized ; 
outlets can be fitted with flansp 
and spigot pipe straight or bent, or with 
flange for lead pipe Fig. 11*(top right). 
Automatic flushing cistern, painted c.i. 
Fig. 12. Automatle flush tank, gaivanized 
iron, regulating valve. 

That. Cropper A Co., Ltd. 




convenient 
to arrange this, 
^ howevef, and where 

_ N ^ periodic flushing is neces- 
,1 sary, an automatic tank 
' ■ is provided at the head 

i of the drain. The capa- 
city of the tank will vary 
according to the size 
and length of the drain. 
In deciding the capacity, 

various factors must be 

‘ considered, such as 

j diameter, length, gra- 
5ANDTANKS. Fig. dicnt and run of the 
•r™ tS”.voW.e drain. The table in col. i 
ing water. is a guide to the capa- 

t Sons, Ltd. .< • r X 1 r * 

Cities of tanks for various 
diameters and lengths of drain. 

Like those for grease traps, these tanks 
are of the drip supply pattern such as the 
Roger Field or Burns' Certus auto flush 
tank (Fig. lo). It is usually sufficient if 
the tank is regulated to discharge once or 
twice per 24 hours, but this must be 
governed by local conditions. 

FLUSHING VALVE. A fitting 
which when operated permits a pre- 
determined quantity of water to pass for 
the purpose of flushing a sanitary fitment. 
The amount of water used for flushing 
— — — water closets (especial- 
■ — those of the valve 
1 jtype) was at one time 

much in excess of the 
R I quantity permitted at 

il ' the present time. To 

^ ji ' ^ meet the 'requirements 
^ of water supply au- 

> — » " thorities, valve closets 

1 1 having special supply 

valves were introduced 
^ and these weJe ad j ust ed 

to suit the * head of 
r • water so that only a 
I given quantity (usu^ly 

^ two gallons) could pass 

^ each time the fitting 

was used. 

^ ^ The old type valve 
^ closets were replaced 

by pedestal wash-down 
T; . . • .... . closets and water-waste 
12 preventers. Later 

- - " flushing valves were 

* introduced. These 

fittings are neat, 
dpT » occupy little space, are 
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A j 












Fig. 2. "Quantum " valve operation. Inlet A is connected by full-way 
pipe to main eupply or etorage tank. Equal pressure is estabiisheti on 
both sides of main valve by water leaking through small bleed hole B In 
body of main valve. Pressure of push knob C tilts stem of auxiliary 
valve D (which Is free to move within main valve) and;dlsturbs equilibrium 


Inlet A is connected by full-way 
Equal pressure is established on 


valve by water leaking through small bleed hole B in 
e. Pressure of push knob C tilts stem of auxlljary 


by allowing water In top chamber E to escape quickly down past seating 
of auxiliary valve to outlet. Pressure on top of main valve being sud* 

denly reiieved, this valve is allowed to 

T'i ' rise off main seating F and water passes 

' ; - through free passage made between 

"v ~ Inlet and outlet. Meanwhile, water 

^ ‘ J passes slowly through bleed hole agai n , 
* ' V I* AS *Aon as top chamber is full, 

valve closes completely. 


FLUSHING VALVE. Fig. 1. 
"Ormonde " slphonic pedestal closet, 
glazed fireclay, adjustable lead trap ,* 
"Quantum " flush valve, 1|in., chro- 
mium plated, push-button operation. 

Dent 4t Hellyer, Ltd. 

fixed direct to a supply pipe, 
and can be adjusted to suit 
the head of water under which 
they are to be fixed, so that 
only a pre-dctermined quan- 
tity of water is allowgd to 
pass each time the fitting is 
used. Certain objections have 
been raised to these valves, 
one of which S that they may 








ICS’ f ^ become leaky and allow water 

Q waste without detec- 

tion; and they have not been 
approved by all Authorities. 
. ? • • > I ^ Figs, rand 2 show the" Quan- 

, ,, i turn ’’valve (which is provided 

"^th a leakage indicator) as 
fitted to a pedestal closet, 
j Flushing valves must be fed 
I from a cistern (except private 

^ I. ' • supplies) ; each valve must 

. ! i % ‘T ‘ bo regulated to the particular 

hoad available, which will 
^ on different floors. 

* ^ Twilon W.C. “Flush- 

i ^ ... *1*^. . I ometer’’ Afelve is shown in 

'.j: . J Fig. 3, and the “ Hydrus ’’ 
Fig. 4. •• Hydru. " valve with Flush valve jn Fig. 4. — Percy 

M R San.I. 
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FLUX. Most metals are found to 
combine with oxygen and such combina- 
tion is increased when the necessary heat 
for soldering, brazing or welding is applied 
— oxygen being taken up from the atmos- 
phere. Gases from a flame used for heating 
the joint may have*a deleterious effect 
also. A flux is used to protect the surfaces 
from oxidization, to neutralize the effects 
of heat and of the gases in contact with 
the metal, and to assist the flow of the 
fused metal over the surface being 
soldered, brazed or welded. Fluxes are 
not needed in autogenous welding of 
lead (lead-burning) or in welding mild 
steel and wrought-iron. 

Fluxes for Soldering and Brazing. 
Broadly, there are two types : (i) those 
which merely prevent contact of the 
prepared surfaces with the air and its 
oxidizing influence, during the heating 
and the process of soldering ; (2) those 
which act as the former type but in 
addition have an actual cleansing effect 
by dissolving oxide and floating it away 
(as a Slag) from the surface being soldered 
or brazed {see Brazing ; Soldering). 

Borax is used in hard soldering (t.e. 
silver soldering and brazing). In brazing 
the solder (or spelter) is often mixed with 
the borax and applied in granulated form 
with an iron spatula when the required 
temperature has been attained, or it 
may be damped with water and applied 
as a paste. • 

Hydrochloric acid, or ** spirits of salts,'* 
is not used in concentrated or com- 
mercial form a? a flux. In dilute form 
it may be employed with advantage in 
soldering on dirty or badly oxidized zinc 
or galvanized iron, where the ordinary 
mechanical cleaning is insufficient owing 
to pitting, etc.. As killed spirits," or 
zin<; chlyide (see later) it is a common 
flux for soft sol^fring. 

Olive oil or Gallipoli oil is used when 
soldering pewter, Britannia metal, or 
similar Sloys having a low melting point. 

Resin. This is usually applied as a 
powder with added tallow and is sed as 
a flux when tinning brasswork or copper " 
tube, ior fine solder joints on brasswork, 
for brass-to-lead joints* and for the 
t 5 q 5 ical capillary soft-solder joints used 
in low-pressure copper, tube work. The 
resin and t^ow may with advantage be 
melted together and used as a paste. 

Sal-Anr)monfac (ammonium chloride) is 


u^d as a flux chiefly when tinning copper 
bits (soldering irons) and is considered to 
give a better and more, lasting tinned 
face. It is also used for soldering copper 
and iron, and is added to the borax flux 
when brazing copper. 

Special Fluxes. There are many 
proprietary fluxes which are often ad- 
vantageous for general work and for 
special metals and alloys. Among these 
are ; “ Fluxite " (a paste), “ Baker’s 

Fluid," ** Solder- All," to name only a 
few. Fluxes may be incorporated in the 
solder, such as resin core or acid flux in 
sticks of solder. The latter can be had in 
tubular form with a core of flux running 
through. For use with their “ Full 
Way " copper fittings. Ideal Boilers and 
Radiators, Ltd. supply a non-corrosive 
flux in paste form (see under Capillary 
Joint, page 210) as do also The Yorkshire 
Copper Works, Leeds. 

Tallow or “ Touch " is u.sed as a flux 
for lead when making the typical wiped 
solder joint, after mechanically removing 
the lead oxide by means of a shavchook 
from the surfaces to be soldered. 

Zinc Chloride — often known as " Killed 
Spirit " (i.e. hydrochloric acid " killed " 
by dissolving chips of zinc in it). This 
is used chiefly for tin-plate, new sheet 
zinc and galvanized iron. For clean work 
it should be filtered, and a little water 
added for tin-plate. Zinc chloride should 
not be used for finning brasswork to be 
soldered by a plumber, for wiped joints, 
for cl'xtrical work, or for capillary soft- 
soldi joints, as it is slightly corrosive. 
Morei;ver, it has been found in practice 
that a more lasting result is obtained by 
using, for example, a mixture of tallow 
and resin when tinning a soldered surface 
to which adherence is made. % 

Fluxes used for soft soldering should 
evaporate, and excess flux on a finished 
joint should be wiped off while warm. 
When a spirit or acid flux is used, all 
traces of toe flux should be washed off 
with warm water as soon as the joint is 
finished. 

Welding Fluxes. Fluxes used in 
welding (see Welding) are sometimes 
incorporated in the filler rod. For 
instance, elements having a great affinity 
for oxygen and the blowpipe gases are 
included in the rod in very definite and 
precise proportions — such as silicon in 
cast-iron filler ^ods ; phosphorus for 
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copper and bronze ; also traces of 
aluminium. The flux for welding aluminum 
must be very ^energetic, owing to the 
affinity for oxygen which this metal has 
when in the molten state. Such fluxes 
are best obtained from firms manufactur- 
ing well-known proprietary brands — A. C. 
Martin, M.R.San.L, R.P. 

See also Joints : (i) Lead ; Pipes : (3) 
Jointing Brass and Copper. 

FOAMING (of Boilers). S^^Priming. 

FOOTBATH. ' Footbaths are used in 
such places as schools, factories and public 
swimming baths. Usually they are of 
white glazed fireclay, 
and this is the best 
material, although vit- 
reous enamelled cast- 
iron footbaths can be 
obtained. The fittings 
are made for installation 
as units or in ranges, 
and in the latter case 
the joints should be of 
the overlapping type. 

Sizes range from 18 in. 
wide, 20 in. back to 
front, and 12 in. high 
to about 30 in. wide, 

26 in. back to front, and 
18 in. high. 

Footbaths must be 
fitted with overflows ; these may be of the 
weir type, or a combined standing waste 
and overflow may be u^d. The hot and 
cold supplies are separate from the bath, so 
that any desired type may be fixed — either 
individual taps or a mixing valve. The 
latter should be of the non-scalding type, 
and the usual pre- 
cautions regarding 
equality of water 
pressures mnd flows 
should b^ observed. 

The waste connexion 
should be treated in 
a similar manner to 
that of an ordinary 
batfi. Often foot- 
baths are made with 
a low front to make 
it easy for stepping 
in and out. In any 
case the back and 
sides should be high, 
to prevent splashing. 

A typical modem 
white glazed fireclay 



FOOTBATH. White glazed fireclay footbath 
fitted with teak pad on front roll and hooded 
waste discharge. 

John Boldina S Sons, Ltd. 


footbath is shown in the illustration. 
This is fitted with a teak pad on the front 
roll, and a hooded outlet discharging over 
the floor grating. — L.C.C, Rayner, A J.E.C, 

FORGE (Plumber’s). The plumber of 
today is often called on to make small 
forgings (such as* gutter hangers, or 
slips), or to make bends on wrought-iron 
heating or gas tubes. Therefore he needs 
a forge ; this may be a permanent one of 
the blacksmith's hearth ty]oc, or a portable 
circular forge with fan. Both of these are 
described. 

The writer has found by practical 
experience that for per- 
manent use the cheap 
wrought-iron forge with 
a hand-operated rotary 
fan is not very success- 
ful ; there is trouble due 
to the fan not being 
rigidly supported, and 
the bottom of the forge 
burns out very quickly. 
The best type of forge 
is the cast-iron black- 
smith's hearth (Fig. i), 
cither with the old- 
fashioned water tuc-iron 
and bellows (with back 
draught), or with a fan 
driven by an electric 
motor and arranged to give a back 
draught. Back draught means that the 
air forced into the fire, instead of passing 
through the bottom of the forge, enters 
through a nozzle in the back. 

A convenient size of foTge is one about 



FORQE. Fig. 1 (left). fFixed type of plumber's fflrge In c.i., to be used with 
either fan or bellows. Fig. 2. Portable back-blast fan forge, fitted with 
hand-operated fan, dust-proof gears, oil bath for gears ; fitted h«od obtainable. 
^ Abhott, Birks 4 Co.. Ltd. 
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3 ft. square, having sides about 9 in. to 
10 in. high, and standing on four legs, 
the height from the floor to the top of 
the sides being about 2 ft. Over the top 
of the forge is a canopy to take off the 
fumes ; this is usually fixed about 2 ft. 
above the top of the^ forge sides and is 
2 ft. deep, thus giving the forge an overall 
height from floor to top of canopy of 
6 ft. It is advisable to connect this forge 
into a brick flue, rather than to a metal 
chimney ; a metal chimney will cause the 
smoke to pour out of the canopy until 
the metal chimney gets warm. 

Portable Forge. This is one similar to 
those used in shipyards, and may be readily 
transported from job to job. It consists of 
a circular wrought-iron pan about 21 in. in 


diameter, mounted on four legs which give 
it an overall height of about 3 ft. Since it 
is intended for use in the^open air, or on 
unfinished buildings, this forge has no 
canopy, the fumes being allowed to escape 
direct off the fuel into the air. The 
draught is at the back and is supplied by 
a ball-bearing, hand operated rotary fan 
which is securely bolted to the pan (Fig. 2). 

A forge as purchased is not very 
suitable for heating long lengths of pipe. 
A useful tip is to cut a semi-circle in each 
of the two sides of the pan ; this enables 
the worker to press the pipe well down into 
the fuel and to keep it covered while being 
heated ; even heat is required all round 
the pipe to give a good bend. — J, Malpass, 
M.R.San.I. See Pipe Bending. 


FORGING; ELEMENTS OF SMITH'S WORK 

By W. F. Hough 

The plumber and heating engineer generally has access to a forge, and uses it for 
pipe bending, etc. Therefore, a knowledge of simple forging is an advantage in 
shaping and fashioning stays, brackets and other supports, avoiding delay and 
ensuring in some cases a better job being turned out. See Forge ; Pipe Bending. 


A kiiL'xvk‘dge of elementary smith's 
work is of value to the plumber, who 
already utilizes a forge (which see) to 
heat lip pipes for bending. Some of the 
commonest r>perations are here described, 
with notes on the tools used. Practically 
speaking, the methods 
described for the hot 
working of the metal can 
be applied to colc^ bend- 
ing, except that the metal 
cannot be bent to such a 
sharp angle wRen cold 
without risk of cracking 
•at -the bend. Wrought- 
iron should seldom be 
bent cold, except when 
the bends are in the nature of a long 
curve, and free from any suggestion of a 
righf-angll bend. 

The Forge. Tflis is described in the 
opposite page und* : its own heading. The 
fire can be lighted with paper and pieces 
of wood in the usual way, and the bellows 
or blower worked gently to. draw the 
fire as soon as it has taken hold. The 
fuel shpuld be coke or fine slack coal, the 
former’ tor preference, as there is less 
^rnoke. It must fill the pan and be 
heaped up in the form of a mound, and 
as the bellows are worjeed the air will 
escape through e fire and form a crater 
of intense heat! It is then known as a 


clean fire, and is in the required condition 
for working. 

The iron is placed inside and covered 
with more fuel to exclude the cold air. 
The surrounding coal may be damped 
slightly from time to time. The clinker 
and slag are raked out 
from the fire, and new 
coal added as required. 
TlTe metal should always 
be covered with the fuel, 
as this saves much waste 
and ensuresta good heat. 
The metal is withdrawn 
occasionally to ascertain 
the progre.ss of the heat, 
and as soon as the iron is 
a good bright red heat, generaMy known 
as a cherry red, it is in a fit ^ state to 
work. 

Tools. The anvil should be not less 
than I cwt. in weight, and heavier for 
preference. , It should stand on a solid 
base, and the top of the anvil should be 
about 26 V:'.. above the floor. The parts 
of an anvil are lettered as follows in Fig. i : 
A is the body, generally wrought-iron ; 
B is the horn (or beak iron), and C the 
base of the horn ; D is the face, of hard 
steel welded to the body ; E is the hardie 
hole, and F the pritchel hole. The hardie 
liole is used to hold the shanks of the 
tools, and the pritchel hole to permit the 



FORGING IRON AND STEEL. Fig. 1. 
Anvil, standing on solid base, about 
26 in. in height. For df^cription of 
parts as lettered, see text below. 
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passage of stock metal while making bolt Hammers, Hammers required are the 
heads and the like. The two side edges sledges and hand hammers, and the weights 
of the face are often rounded off for a short of these vary according to the class of 
distance from the horn in order to facili- work being done. The sledge hammer can 
tate the bending of rod metal. weigh anything from 6 lb. to 14 lb., but 

Anvils can be obtained in various sizes, for ordinary work one about 9 lb. or 10 lb. 
but the worker should select one that is quite heavy enough. The hand ham- 
has a fairly regular tapering mer for regular use should 

bick-iron, as this will be not weigh more than lb. 

found more useful in many (but one about 2 Jib. will be 

ways than an anvil with a Ton5^mted*^to ulif jiii found very useful on some 


short stumpy bick-iron ; also 

be sure to have one that 

has a square and a round hole at the tail 

end. 

A good strong vice of the regular 
blacksmith's type will be needed (see 
Fig 14). and must be well secured to the 
bench and floor. 

Tongs. A pair of flat-jawed or open- 
mouthed tongs and a pair of hollow- 
jawed tongs can be made or purchased. 
Their form is shown in Figs. 2-4. To 
hold the work properly the tongs should 
be fitted to the thickness of the job by 
heating the jaws to a red heat and ham- 
mering them together while a piece of the 
metal to be held is gripped between the 
jaws, as in Fig. 2. The tongs should not 
be left in the fire. 



Fig. 8. Round or hollow-jawed tongi. Fig. 4. Opor^ 
mouth tonga. Fig. 7. Top and bottom fullara. Fig. 
7A. Top and bottom awa^M or rounding toola. 


aiYnd jobs), and should be a ball- 

pened one. The handle 
should be somewhat longer than the 
ordinary hand hammer, the usual length 
being about i8 in. over all. 

Chisels, Fullers, Flatters, Swages. With 
the exception of the hand hammer, the 
hot and cold chisels (Figs. 5 and 6) are 
the ones most used. As their names 
imply, they are used for cutting up hot 
and cold iron respectively. Figs. 7 
and 9 show top and bottom fullers. 
Figs. 10 and ii the round-edge and 
square-edge set-hammers. Figs. 7A, 12 and 
13 top and bottom swages, Fig. 15 the 
flatter. Fig. 16 the round and square 
punches, Figs. 17, 18 and 19 the drift, 
mandrel and bolster respectively. 

The tools that should be purchased as 
occasion demands are a flatter, one or 
two fullers, and one or two rounding 
tools or swages. Flatters, fullers and 
swages require an assistant to hold the 
tools (see Figs. 47-48). The shank of the 
bottom tool rests in 1:he hardie hole of 
the anvil, as shown in Fig. 9. 

Rod Punches. Rod punches (Fig. 16) 
can be made to various sizes and to suit 
any shape of hole it is desired to puijch, 
and should be made of cast-steel. Drifts* 
(Fig. 17) are simply short lengths of 
metal made tapered to various sizes 
and sections, for driving*into the punched 
hole, usually for enlarging and f<f* cleaning- 
up purposes. • • 

Bolsters: Bolsters are made in various 
styles and sizes ; in a general way they 
consist of a piece of metal with holes 
through it to take a particular size and 
shape of metal either with a flat surface 
or a concave one, as Figs. 19 to 2i. 

Mandrels. These (Fig. 18) are prac- 
tically drifts •with ’ a length of metal 
attached for handling ; they are used for 
passing through^hollow forgings so as to 
make them solid and keep the hole true 
while the outside is being forged to shape 
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FORGING IRON AND STEEL. Figs. 5. 6. 8-13, 15-21. Tools: (5) hot chisel; (6) cold chisel; 


(8) top fuller; 

Dotiom TUiier {see aiso rig. /); (10) round-edged set-hammer; (11) square-edged set-hammer; (12) top swage; 
) bottom swage (see also Fig. 7A); (15) flatter; (16) square and round punches; (17) drift; (18) mandrel; (19) 
bolster; (20) flat bolster; (21) half-round bolster. IFor Figs. 7 and 7A see page 438.) 


and size as, for example, nuts, loose collars, 
small rings or bushes. 

Management of the Forge. A few 

notes ''n the general routine of smith's 
work are here given. The worker should 
first go through the whole job and 
mentally see the job finished before he 
starts it. 

By so doing he will know just what tools 
will be required and have them ready to 
hand for use at the right ^moment. He 
should also have as clean a lire as he 
possibly can and plenty of firing on the 
hearth, for the Simple reason that too 
little firing is often the cause of a bad 
weld, owing to# the fact that the parts 
cannot be covered to retain the heat, and 
tfi^ result is that instead of a soft welding 
heat, only a hard frizzling heat is obtain- 
able, with which it is impossible to make 
a good sound weld. 

When getting the welding heats, such 
should b{ of a uniform heat 
air through the*part that is 
being welded ; what is meant 
by this is that up to a certain 
size of stock the welding heat 
can be obtained without any 
particular regulation of the 
blast, but for larger sizes it 
will be found that if the blast 
is not regulated, only the 
* outside of the metal is* at the 
welding point, and the result 
is that alliiough it ma^ be 
, welded togethe;i and appear 


sound, it is not a good weld, as the centre 
part of the metal is not joined together and 
would in some cases be dangerous and 
unsafe. This is more noticeable when 
getting welding heats on steel than on iron. 

To get over this dilficulty use a steady 
blast until the metal nearly reaches tlie 
welding point (in the case of larger-size 
stock it is advisable to stop the blast 
altogether for a few seconds so as to allow 
the heat to soak), then force the blast 
gradually and bring to the welding point 
as quickly as ppssible. Also, whilst 
getting the welding heat do not let the 
parts lie in the one position in the fire ; 
they y ’ould be continuously moved, turn- 
ing C'vir backwards and forwards and 
occasionally drawn out of the fire to 
see how the heat is progressing. If found 
that the edges of the scarfe are hotter, or 
nearly at the welding point before the 
other part of the weld, the point of the 
scarfe should be dipped in 
some clean sharp sand, or a 
little can be thrown on by 
hand ; this will retard the 
heat and keep it from burn- 
ing whilst the other part of 
the weld reaches the welding 
point. Generally iron at the 
welding point looks white 
and dazzling, dead soft steel 
looks just wliite, and harder 
steel shows a kind of orange 
yellow and looks as if grease 
is running over it. 



Fig. 14. 

Blacksmith’s type of leg vice. 
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Scarfing and Welding. There are 
several kinds of scarfes used when welding 
two pieces of metal together : the principsd 
ones are described and illustrated in this 
and the following page. The selection of the 
scarfe to be used will depend to a great 
extent upon the kind of weld, and to a 
lesser degree upon the desired shape of the 
forging. The application of the various 
scarfes will now be shown. 
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FORGING IRON AND STEEL. Fin. 22-30. Scarfing 
and welding : (22) lip scarfe ; (23) V-scarfe ; (24) 
forming lip scarfe on square or flat-section metal 
placed on edge of anvil ; (25) round- or oval-section 
metal scarfed in bottom swage ; (26) upsetting and 
scarfing tool for shaping lip scarfe on bars ; (27) 

mushroom scarfe j (28) forming the mushroom 
scarfe in a bolster ; (20) metal split for V-scarfe ; 

(30) forming V-scarfe on corner of anvil. 


bending near the upset. Several sizes or 
this tool should be kept for bars of 
different thickness. 

With the mushroom scarfe (Fig. 27) 
the metal is thickened up at the end, 
passed through a bolster, and the scarfe 
formed either with a top fuller or a bob 
punch (see Fig. 28). 

In forming the V-scarfc (Fig. 23) the 
metal is thickened up as for the stump 
weld, split down with the hot chisel as 
in Fig. 29, and then the ends are hung 
over the edge of the anvil and the scarfes 
formed as in Fig. 30. 

With regard to a butt weld no scarfe is 
required, the only preparation being to 
make the ends square where the join or 
weld comes. 

It is inadvisable in scarfing or welding 
to make the scarfe edges 
too thin ; there are two 
reasons for this : first, the 
edge is liable to get over- 
heated and burnt before 
thicker part attains weld- 
ing heat; and, secondly, 
there is considerable waste 
in getting the welding heat, 
so much so that when the heat is taken 
out it will be found that half the scarfe is 
gone, hence making it more difficult to 
make a sound and clean weld. 


Hat Bar 


XT 26 U 


The weld generally used is the lip 
scarfe (Fig. 22), which can be used for any 
kind of lap weld. Th« mushroom scarfe 
(Fig. 27) which is used for stump weldingf 
and the V-scarfe (Fig. 23) — used in a 
somewhat similar manner as the stump 
weld — are otner types of weld. When a 
butt weld is made no particular kind of 
scarfe is required. 

When forming the lip scarfe the metal 
that is to be welded together should be 
thickened Dy jumping-up, well hammered 
back on the top edge, and the scarfe made 
by using the top fuller. In forming the 
scarfe on flat- or square-section metal, 
the scarfing should be done on the edge 
of the anvil as shown by Fi^. 24 ; when 
scarfing round- or oval-section met; I it 
should be done in the bottom -swage as . 
given by Fig. 25. 

Upsetting and Scarfing Tool. This 
.tool (Fig. 26) is useful for upsetting, and 
for shaping a Up scarfe on either flat, 
square, or round bars. The tool steadies 
the bar {see diagram) when struck on end > 
and the high side keeps the bar from 


Another important point is that scarfes 
should have i slight rounding form at the 
face as shown in the different examples of 
scarfes, or at least be dead flat. To 
explain this, take the ordinary lip scarfe 
for a lap weld (as shown jn Fig. 32). 

This indicates that when the two scarfes 
are placed together, they touch each otjier 
in the centre of the weld, and as a natural* 
sequence, when the first blow is given on 
the weld it will join together at the centre 
first and so make a solid «.nd sound weld ; 
whereas if the scarfes have beej made in 
any way resembling Fig.* 31 the result is 
that when the first blow is given it cer- 
tainly will join together at the ends of 
both scarfes, but in the hammering pro- 
cess that follows there is a tendency 
to draw the centre parts of the weld 
farther apart and so a proper solid weld 
may not be made. It is even- more 
important still that the scarfe should not 
be hollow crossways. On welding, if dirt- 
gets into such a tavity, it cannot squeeze 
out sideways and the weld "will be un- 
sound. 
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Another point to be 
remembered when weld- 
ing up parts is that the 
bottom scarfe should be 
placed so that the end of 
it is hanging over the 
edge of the anvil, •as 
shown by Fig. 33. 

Welding to Length. 
When making a straight- 
line. lip scarfc weld to 
exact dimensions, on cut- 
ting to length before 
upset ting, allowance 
must be made for the 
wastage caused b}^ scaling 
during heating and weld- 
ing. No strict rules can 
be laid down for this 




allowance, as some 36, 38-46. Forgmgs : (36) round-corner forging ; (38) Jumping-up 

... j. 1 1 iTtetal to form corner shown In Fig. 35 ; (39) bent corner with excess of metal 

SmitllS neat and. soak to be hammered down (indicated by arrows) ; (40-41) forging T-piece by 
iron mnrh morn fimn P^^king lip bcarfe ; (42 44) welding T-bar to standard ; T-bar standard — 
LUC iron IIlUCIl iriorc Uiail indentation (to receive vertical bar) made with bob-punch — welding scarfes 
others * also the more set-hammer ; (45) circular scarfe made instead of indentation shown in 
, . * j . 43 ; (46) riveted T-standard ; (46A) section through 46. 


others ; also the more 
the two ends are upset 
the greater is the wastage by scaling, 
more .i being exposed to the heat- 
ing. But a rough and ready rule, 
often used for bars up to about ij in. 
diameter or thickness, is to allow for 
wastage an extra length equal to the 
diameter or thickness of the welded bar. 
As sizes further increase a somewhat 
smaller profiortion is alIowe 4 for wastage, 
providing that the line of heating is not 
excessive. 

As before menfioned, no scarfes are 
necessary for the butt weld, neither docs 
it require thickening-up to allow for 'v-.ste 
when hammering together. This is due 
Jo the fact that when the blows are given 




•FORGING IRON AND STEEL. Figs. 31-35. Welding 
and forging : (31) incorrect scarfes which tend to 

prevent a solid weld ; (32) correct scarfes with slight 
rounding at the face ; (33) scasfes on anvil for weld- 
ing, placed with bo**om scarfe hanging over edge ; 
(84) butt weld, w,!ich requires no scarfes; (35) 
right-angled forging. 


at the end it will thicken it sulhciently to 
allow for the reducing when hammering 
together on the top (see Fig. 34). 

Forging Methods. Forging is the act 
of transforming a piece of jilain metal into 
a piece of a different form with regard to its 
size and shape. This is done in various 
ways, either by beating out with hammers 
or with special tools, 
by jumping-up (Fig. O 

((kawing down) (Fig. 

47) i bending and i— ^ ^ 

twi^n, g, and by , 

wcld.-.g together * 

pieces of various 
shapes and sizes. ^ /^ \ 

Wien welding two J ] [. I ■ 

pieces of metal that j ' j j I 

are in line with each I L 1 I I 

other, the lip scarfe TT j I I 

(Fig. ? 2 ) is the one 37 I ^ j 

most generally used ; ; ^ 

sometimes .the V- p%«d 

scarfe (Fig. 23) and 
sometimes the butt 

weld (Fig. 34) is used, but this latter only 
when it is impossible to use either the lip 
or V-scarfe, or when the metal is of such 
a size that sufficient force cannot be given 
to the blows to make a sound weld if the 
lip scarfe is used. 

Fig. 34 shows how a butt weld would 
be made when two pieces of metal are to 
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be welded together in line, end to end. 
The ends are made level and slightly 
rounding ; a sof^ welding heat is obtained, 
and the ends are then placed together 
on the anvil, a few good sharp blows 
being given as shown by the arrow mark 
A (Kg. 34). This will cause the wdd 
to assume the shape as shown by the 
dotted lines. The weld is finished by 
giving blows on the top and end. The 
work must be revolved so as to weld in the 
edges all round. 

Corners and Tees. When foiging 
comers (Fig. 35), if the metal is not to be 


I 


FORGING IRON AND STEEL: 
'V simple Operations. Fig. 47 (top 
' left). Drawing down & piece of metal 
held in tongs. Fig. 48 (top rightK Using the swage tools (see olso 
Figs. 7A, 12 and 13 in pp. 438-39). Fig. 49 (lower left). Increasing 
the diameter of jb bar. Fig. 50 (lower right). Forming the eye for 
* a bolt hole. 


held in tongs. 
Figs. 7A, 12 an 


worked up to a square corner on the out- 
side, all that will be required is to get it 
hot at the point where the comer is de- 
sired, coal out at each side of it, and 
simply bend to the square angle or any 
other angle that is required ; for a comer 
made by this method see Fig. 36. 

Also, when thus bending flat bars on the 
flat, especially if wide or thick, the simple, 
U-Aaped tool a (Fig. 37) is useful. After 
heating the bar, give the bend a start 
with a few blows on the fuller* as at B, 
and the corner can then be easily bent 
^^uare over the anvil edge, and to a small 
* inner rkdius if the fullering has been 
suitable. 

Two or three such tools made from 
I in. round bar, and with differing widths 
between the fork, will deal with bars of 


varying thickness. II the comer is to 
be made full up as Aown by Fig. 35, 
get the metal hot, and thicken it by 
jumping-up, then with the round-edge set- 
hammer, tool down at each side as shown 
by Fig. 38, cool out at each side of the 
raised-up part anej bend to the angle 
wanted ; it should then appear somewhat 
like Fig. 39. Now work up the outsides of 
the comer by giving alternate blows as 
shown by the arrow marks. 

When worked up square, finish off from 
the inside of the corner with the round- 
edge set-hammer, if the met 3 l is of a square 

or flat section. If of round or 

1 oval section, finish off with 

swsges of a suitable size. If 
desired, a larger-sized metal can 
used, so that instead of 

jumping-up it can be reduced 

' to the shape shown by Fig. 38 
before bending. This method 
1 3^ is applicable to cither round-, 

square- or flat-section metal, 
and should one side of the 
comer have to be of a different 
size or section from the other, 

^ V ^bis must be formed accordingly 

< p. before bending. 

When forging T-pieces, the 
methods employed are some- 
what similar to those used for 
the corners. 

Thicken-up the metal at the 
Fig. ®i?7^ftop pobit where the T-piece is to 
>iece of metal be Welded, ind with the bob- 
i^^incrwsfng puncli form a lip scarfe as 
the eye for shown in Figt 40 ; thicken the 
end of the centre piece and 
form a lip scarfe (shown by Fig. ^41, 
page 441), weld the two parts together b/ 
laying the straight piece on the anvil and 
placing the T-piece in position on top, 
work in the scarfes at the inside of the 
T-piece with either the top fulle{ or round- 
edge set-hammer, taking* a second welding 
heat if necessary. Finish off with swages 
for round or oval sections, and set-hammer 
and flatter for squares or rectangles. 

Where a T-forging consists of different 
sizes and sections of metal (say a round 
section stump on a flat crown ; see Fig. 42) 
a different method of forging is adopted, 
and is as follows ; thicken up where the 
T-piece is welded on, and sink an indent 
tation as shown •by Fig. 43, using a bob- 
punch for this purpose. Thicken up the 
end of the centre piece and form a mush- 





FRESH AIR INLET 


room scstrfe. When welding together lay FRESH AIR INLET. Used for ad- 
the cross piece on the face of the anvil, mission of fresh air into a drainage 
indented side uppermost, place the stump system at a point as near to the inter- 
fair in the centre, give a blow on the top ceptor as possible. The open area of flap 
of the stump so as to get it well home at should equal cross-section of pipe. There 
the root, turn over and pass the stump are four main types : the first is a cast-iron 
through a bolster anJ well hammer down box with spigot end for caulking into the 

where the scarfe of the stump is situated. drain or soil pipe socket 

If welded properly, take the hot chisel having a cast brass 

and cut off the superfluous metal caused front with hinged mica 

at the sides by this operation ; but if the 9 flap (Fig. i). The second 

edges of the scarfe are not welded in. type is made entirely of 

narrow the sides in by hammering-up, J cast-iron, with double 

take a second welding heat and weld | I louvre front and double 
in scarfe edges with ball-pene of hand mica flaps (Fig. 2). The 

hammer. fresh air inlet, advantage of this type is 

Another method is, instead of passing that the flaps cannot be 

it through a bolster, to weld the scarfes in cauiking into drain damaged, 
by the use of a top fuller and round-edge ;in?2ed,**c£!t' b^at In addition to those 
set-hammer as shown by Fig. 44 (p. 441). dcscrib^^ there is the 

In forgings of this description, where the “Crcgeen’* F.A.I. (Fig. 3) 

metal that forms the crown is very thin used for ventilating the 

or the crown has to be bent to a small drainage system at ground 

radins at the point where the stump is level. This is a 12 x 12 in. ^ 

welded on, it is somewhat difficult in the cast-iron box, 6 in. deep, IT ; ^ 

firsv case to make a sound weld, and in with a hinged ventilating 

the second case the edges of the scarfe cover. The outlet projects 

will break away when bending. To get 3 in. into the box and is | 

over this trouble the following method is immediately below the | 

adopted. Form the mushroom scarfe solid part of the cover. ^ ' ••Eureka' • 

on the end of the centre piece as before, Debris entering through double io*uvre 

but use a bolster that has a hole in it the ventilating slots falls ventilator’ J?th 

somewhat larger than the size of the metal clear of the upstand and 4 in. 

the stump is made of. Now, mstead of may be removed from the 

sinking in an indentation, place the bottom of the box? The cast-iron bodies 
crown over the hole in the bolster ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ of F.A.I. 's should be gal- 

that the mushroom scarfe was made ' U UjLl L ! JJJ vanized to avoid corrosion, 

in, and drive a shSrp-pointed punch DID D D 0 * 5 " Di Lead and <Brass Type, 
through, and so make a hole just 'lal The fourth type of F.A.I. 

•large enough to take the stump, 0 0 0 □|□| comprises a brass grating 

This, instead of punching out the b*D^ Jd| soldered to a lead box 

piece of metal as when using an 1 d|o (Fig. 4) . This arrangement 

ordinary punch, ^yill force the metal ^ is used where appearance 

through %nd so form a kind of is important, on a 

circular sCarfe (Fig. 45, p. 441). |U ff^ fTTr FI H fl ftl stone or brick front. 

Then, while hot at the hole part, I i? i L L L L ^ 

place over the bolster and drive • "^ 3 , * " J IP" ® ® 

the stump through until the head I / irUinmUlT 

of the stump is down on the flat j j 

piece (Fig. 46) and the circular 1 1 j 

scarfe is underneath. Take the I ' / 

welding heat, pass through the "If 

proper-sized bolsteri an^ weld _ 1/ 

together. The hammering on 3B jjl 

top will weld in the mushroom w" IS. ® 

rxt Pig. 3A (left). '* Cregeen ” freeh-air Inlet for ventilating drain 

scarfe, ana the force, of tne ,y}tem at ground level. Fig. ae le side view: 4-in. outlet, 
blows will causv the bolster to Fig. 4 (right). Braw grating eoldered to lead box, with mica flap 
... . . , . « .1 shown in section ; 0 in. s(|. 

weld in circular 'scarfe underneath. sum Broa..^td. 


Fig. 2. "Eureka" 
double louvre 
front c.i. Inlet 
ventilator with 
mica flap ; 4 in. 
only. 
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FRICTION AND FRICTIONAL RESISTANCE 

, By J. W. Cowan, A.M.I.H.V.E. 

A clear knowledge of certain aspects of physics is essential for the student and the 
craftsman. In the present article the effects of friction are explained as they concern 
the practical,work of the plumber, gas fitter, heating and ventilating engineer. See 
Air Conditioning ; Chimney ; Duct System ; Heating ; Pressure ; ti/so Pipe Sizing. 


Friction is the resistant force experienced 
when one body slides or tends to slide over 
another with which it is in contact. 
Friction between solids is known as 
“ solid friction,*' in contrast to the 
resistance due to “ fluid friction *' when 
one of the bodies is a liquid or a gas. All 
motion creates friction, and the energy 
spent ill overcoming frictional resistance 
is invariably converted to heat. 

It should be understood (a) that the 
force of friction is passive in the absence 
of motion or motive energy ; ( 6 ) that it 
comes into action immediately there is any 
tendency towards motion, and (c) that it 
must be opposed by a greater force before 
inertia can be overcome and initial motion 
established. It may also be noted that, 
contrary to the laws governing the per- 
formance of other forms of work, the 
energy expended in (rf) countering static 
(stationary') friction and (e) opposing 
kinetic friction (the resistance operative 
during motion) is lost in the sense that it 
cannot be recovered by any reversal of 
the process. 

Because friction alwiys opposes motion,, 
it is frequently desirable to reduce such 
resistance to a minimum. This is very 
necessary irr the design of piping and 
ductwork installations, and it is also of 
primary importance in shaft and axle 
bearings, etc. On the other hand, the 
successful operation of many machine and 
pipework^ components depends entirely 
upon friptional resistance. Instances of 
this occur in belt drives, brakes and 
friction clutches ; and, in pipe work, in all 
screwed joints and in a number of com- 
pression joints of the non-naanipulative 
type designed for use with light gauge 
copper tute. Web-strap pipe wrenches for 
polished and plated pipework also depend 
solely upon friction. 

Friction Coefficient. In solid 
friction the resistance is proportional to 
the normal or perpendicular pressure 
between the surfaces in contact. Thg 
ratio between these forces is known as the 
coefficient of friction, This is denoted 


by the Greek letter [mu, pronounced 
mew) and has varying values for different 
substances and differing degrees of rough- 
ness of surface. A dry metal-to-metal 
bearing might have a friction coefficient as 
high as 0’4. Forced lubrication which 
would introduce some degree of fluid 
friction might reduce this to 0'04. In 
both cases the resistance to motion would 
be calculated by multiplying the pressure 
between the surfaces by the appropriate 
/A value. 

Fluid Friction. The laws govern- 
ing solid friction are relatively simple 
compared with . those controlling fluid 
friction. Briefly, frictional resistance 
between a relatively stationary solid and 
a moving liquid or gas varies directly as 
[a) the relative velocity, [h) the area of 
contact, (c) the roughness of surface, and 
[d) the density and viscosity of the fluid. 

These variables make direct calculation 
too cumbersome for everyday practice. 
For this reason, in calculating the sizes of 
pipes and ducts we depend upon charts 
and tables based on empirical formulae 
provided by independent scientists. For 
varying conditions these show not a 
coefficient of friction but a ** loss of head 
due to friction,*' an eipression usually 
abbreviated to “ total friction head.** This 
is commonly taken as being proporticftiaL 
to the square of the velocity, ix. V^. 

It is common knowledge that when a 
mass has been set in moj:ion a continued 
application of force is neccssaijy to keep 
it moving. Three factors c 6 mbine. to 
determine the amount of energy thus 
required; namely, [a) velocity head, (b) 
friction head, and (c) resistance head. In 
each case the energy expended in counter- 
ing the opposition is assessed as a loss of 
initial ** head ** or pressure. 

Because friction in one form or other 
enters into all Jhree,* these resistances are 
frequently considered together under a 
general heading p{ “ total friction loss,** 
but a clear understanding necessitates a 
separate examination of each factor 
contributing to the total 'loss of energy. 
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Velocity Head. The pressure re- 
quired to maintain the desired rate of 
flow. This must always be taken into 
account in calculating air flow in ducts, 
because of the dissipation of this energy 
when air is dischargq^i through grilles 
and exhaust outlets, etc. The same 
conditions obtain when water is pumped 
for delivery to a tank. In contrast to 
this, velocity head may be 




distegarded when sizing an 
accelerator for hot water 
circulation. In such a closed 
circuit there is no discharge 
or delivery to bring about a 
corresponding dissipation of 
energy, so that it is sufficient 
to consider only the “ fric- 
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Fig. 2. Sections of 3 ducts, each 9 sq. ft., to show friction areas in 
contact with air per ft. length : (a) 10*6 sq. ft. ; (b) 12 sq. ft. ; 
(c) 20 sq. ft. 


tion " and “ resistance ” 


heads against which the pump will be 
required to operate. 

Friction Head. The energy expended in 
countering the resistance to flow set up 
by every inch of surface with which the 
mass is in contact. Increase in 
velocity and/or greater roughness of sur- 
face will, separately or together, cause 
added turbulence in the flow and give rise 
to more internal friction between the 
])articles. In this way cither or both will 
increase the total resistance to motion in 
the mass. The area of qontact has a 
considerable bearing upon the amount of 
friction head absorbed. It will be seen 


Thus, = 1573, from which it will 

be seen that, in practice, sixteen 2-in. 
pipes would be required to serve the same 
duty as one 6-in. pipe. A further example 
is seen in the shapes and sizes of ducts 
of the same cross-sectional area. Fig. 2 
shows sections of three ducts each 9 sq. ft. 
in area. The resjiectivc friction areas in 
contact with air per foot of length arc : 
(a) 10*6 sq. ft. ; (h) 12 sq. ft. ; and (c) 
20 sq. ft., each of which would bring about 
a corresponding loss of head by friction. 
See further under Pipe Sizing. 

Resistance Head. The sum of the pres- 
sure losses due to the resistance to 
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FRICTION. Fig. 1. '.'elation of area of contact within 
pipes to friction head absorbed. As explained in text, 
sixteen (not nine, as might be supposed) 2-in. pipes are 
required to serve the same duty as one 6 in. pipe. 


flow set up by each change of direction 
( ' ilteration in shape or size of a pipe 
oi duct. This resistance is entirely 
independent of friction loss. In pre- 
liminary calculation of pipe sizes for 
heating work an allowance is made 
for the resistance of fittiqgs (bends, 
elbows, tees and valves, etc.) by an 
increase of 33*3 per cent.«over the 
ai^lual length of the pipe circuit. At 
a later stage this is corrected by the 
addition of an equivalent length of 
pipe feft- each separate fitting or ather 
rcstrie.ion in the line of pipe. These 


from Fig. i that nine pipes of ; in. 
diameter are apparently equal to one 
pipe di 6 in. diam.eter, the comparison 
being made by square pflpes for greater 
' convenience of illustration. Because of the 
vast increase of surfacS in contact with 
water in the smaller pipes, the relative 
capacities must be compared as the square 
roots of the fifth powers of the diameter|. 


“ equivalent length ” factors are based on 
the resistance of one elbow, and vary with 
the sizes of the pipes. For instance, the 
restriction set up by one J-in. elbow is 
found to be equivalent to the friction loss 
of I ft. of J-in. pipe ; one f-in. elbow equals 
•2 ft. of |-in. pipe. Similarly, a 2-in. elbow 
equals 6 ft. of 2-in. pipe ; and, with 
certain directions* of flow a 2-in. square 
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tee oilers the same resistance as would 
three elbows, so that i8 ft. of equivalent 
length of 2-in. pipe would be added to 
actual length for each 2-in. tee. 

Duct Sizing. In duct sizing, each 
restriction is treated in a manner similar 
to that just described, and by the use of 
suitable factors is converted directly to 
loss of head by resistance. This is always 
expressed in terms of inches of water 
column or water gauge (W.G.). In large 
installations the total pressure loss due 
to the sum of the velocity, friction and 
resistance heads seldom exceeds 2 in. 
W.G. In smaller systems pressure loss or 
“ total friction loss " may be appreciably 
less than 0-5 in. W.G. The degree of care 
to be exercised in making these calculations 
will be appreciated when it is remembered 


that I in. of water gauge repre^gnts very 
little more than haU an ounce 
pressure. 

In air conditioning {which see), the 
resistance of the ducts and the filtering, 
washing and heating apparatus is sudi 
that a centrifugal t^e of fan is employed 
to deliver air. See Fan. 

Chimneys. One of the functions of 
a chimney is to provide sufficient draught 
to overcome the friction of the flue gases. 
The chimney must have an area sufficient 
to permit the gases to flow at a speed low 
enough not to create more friction than 
the (kaught can overcome. The roughness 
of the sides affects the friction ; further, 
as stated in a previous paragraph, the 
shape of the passage (the area being con- 
stant) is another important factor. 


FROST : THE PROTECTION OF PIPES AND FIHINGS 

By H. C H. Shenton* Hon.F.I.5.E., F.R.San.l. 

Here information is given about simple precautions and methods of protection 
that will prevent or substantially minimize damage to water pipes and fittings. 

By permission, recommendations are quoted from an R.I.B.A. report on the 
subject. See further, on this important subject, under the headings Boiler (6); 

Bursts ; Pipework : (I) Water Pipes in Lead. 


Frost may cause injury to any pipe 
used for the conveyance of water or 
sewage and may also have a serious 
effect upon fittings, machines and struc- 
tures to which water has access. 

Water freezes at a temperature of 
zero Centi^ade or 32® F., and the freezing* 
changes the liquid into a solid. While 
solidifying the substance expands. The 
results of this change are complete 
stoppage of the pipe containing the 
water and an increase of internal pressure 
(due to expansion of the water at the 
point where freezing occurs), which is 
gener^ly; sufficient to burst the pipe. 

In considering the precautions needed 
to prevent injury from frost it is neces- 
sary to consider the exact conditions of 
eaclL case, because methods of protection 
necessary or sufficient in one case pay 
be quite unnecessary or insufficient in 
another. Common sense rather than 
standardized method is the surest guide. 

, Temperatures below zero Fahrenheit 
have been recorded in Britain on various 
occasions and will recur, but very serious 
trouble often results from only a ievf[ 
degrees of frost where pipes are un- 
protected. The full seriousness of frost 


troubles is not generally appreciated. As 
an instance it may be stated that the 
loss of water through burst service pipes 
at Leeds during January and February, 
1936, amounted to 60 million gallons. 
This escaped through pipes serving houses. 

When pipes are frozen up the con- 
sequent stoppage of the water supply 
frequently entails puttiTig the hot water 
supply and the heating systems out of 
use at a time when they are most urgently ^ 
needed. The stoppage of waste pipe 
outlets causes baths, sinks and lavatory 
basins to become useless, and the stoppage 
of cistern overflow pipeg is % common 
result of frost. Sometimes w.c.'s*. are 
put out of action owing to the freezing up 
of traps and to the formation of ice in 
soil pipes due to slow leakage of fittings ; 
while intense cold may cause severe con- 
tractions and crack the fitting. Flushing 
cisterns under severe frost conditions may 
burst, and the blockage of gullies with 
ice is not unljnown ; in fact, in the 
colder climates open gullies outside st 
house cannot bemused. 

Another serioufi possibility is the burst- 
ing of hot, water radiators. The radiators 
present a large surface to temperature 
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effects and are therefore soon affected by 
frost if they are cold. An unexpected 
frost, during temporary absence of the 
inmates of the house, may cause much 
trouble and inconvenience in this manner 
by damage ensuing frojn leakage when the 
pipes and radiators thaw. 

As explained under Bursts, there are 
also possibilities of danger if the expansion 
pipe of a heating or hot water system is 
so arranged that any section containing 
water is exposed to the action of frost. 

A plug of ice may prevent expansion, 
and the possibility of a boiler explosion 
exists in spite of the provision of the 
ordinary safety valve. Valves, hydrants, 
and other fittings with moving parts may 
become fixed or inoperative because the 
moisture or film of water existing at the 
glands, etc., is solidified by frost and acts 
as a cement or tight packing, making 
movement impossible. Frost may also 
cause the blockage of rainwater pipes and 
gutters, particularly when water from 
melting snow or from an overflowing pipe 
passes slowly along a gutter and into a 
rainwater head which is already partially 
blocked. It follows that the gutters and 
rainwater heads should be inspected 
periodically and cleared if necessary, to 
guard against these risks. 

PROTECTION OF PIPES AND FITTINGS 

The main principles of protection against 
the action of frast are the avoidance 
of exposed positions and the casing of 
pipes and fittings as a protection against 
temperature changes. (Refer to the re- 
levant section under Pipework : (i) Lead 
•Pifes.) The provision of emptying devices 
may also be very effective, while the 
installation and use of valves and stop- 
cocks for the isolation of each branch or 
section at any water system is good 
practice jfhd will facilitate repairs. 

TTie supply of water into any building 
can be shut off by means of the stopcock 
on the main service pipe to the building. 
It follows that this stopcock ^ould be 
kept in good repair and that it she M be 
protected against frost. It should also 
be possible to empty the rising main, 
and thus an emptying cock should be 
•provided at the lowest point of the 
system. • ■ 

R.I.B.A. Prott Repott. A ** Report 
on Damage tq Plumbing Work Caused 
by Frost" (price 3d.) has been issued 


by the R.I.B.A., and certain portions are 
here quoted by permission. 

Stop-Tap. A stop-tap «hould be fixed 
immediately the supply pipe enters the owner's 
land. Another should be placed as near as 
convenient to the floor, at the point where it 
emerges within the building. 

Draw-off Tap. As near as convenient to the 
latter stop-tap, a draw-ofi tap should be fitted so 
that all pipes which are 
branches from the main |]| 

may be emptied by closing Iff 

the stop-tap and opening H 

this draw-off tap. /) 

The Report recom- ^ 

mends the addition of 
an extra stop-tap, the 
purpose being to enable 
water to be obtained n 

from the draw-off tap f • BDM 

without refilling the 0 

risingmain and branches M 

— ^when the continuance W 

of frost during the day " 

wouldrender them liable 
to damage. (This device tap on Vising main 

is shown in the ac- •.xtfi; 

companying diagram.) 

Supply Pipes within Build- filling rising main. 
ings, etc. Supply pipes and 
all branches to fittings from the supply 

pipe should, as far as possible, be fixed on 
internal walls and should be fixed to wood 
grounds or not directly in contact with the wall, 
and should be fixed so that they have a fall to 
the draw-off tap. On no account should water 
pipes enter the roof space near the eaves, for 
such a practice not only exposes pipes to risk of 
freezing but renders, them less accessible. All 
pipes should be laid so that they have a fall and 
can be emptied by the drain cock. 

Wb n it is impossible to run the pipe 
on ail internal wall, a wood backing should 
be fixed between the pipe and the wall 
and the pipe should be cased in. 

Pipes in Roof Spaces. These should 
be carefully protected. This can be done 
by placing them in wooden trohghs filled 
with sawdust, fibre, slag wool, or othe*- 
suitable insulating material : and great 
care should be taken that no small section 
of the pipe, such as may occur at a bend 
near floor* level, remains unprotected 
owing to the difficulty of arranging the 
casing. All insulation must be kept 
quite dry, or it is worse than useless. 
V^ere conditions permit, roof spaces 
or rooms containing pipes and cisterns 
are heated by means of radiators suffi- 
cient to maintain a temperature well 
•above freezing point. Cisterns can be 
protected by means of non-conducting 
material and simple wooden casings. 
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They should also be covered, and every 
care taken to prevent the freezing up of the 
ball valves. If •the ball valve leaks so as 
to allow the overflow pipe to drip, this 
latter pipe is sure to become plugged with 
ice at the outlet during a frost, causing 
overflowing of the cistern inside the 
house. 

Flushing Cisterns. In the case of 
w.Q.'s, neither the flushing cistern nor 
the feed pipe should be near a window or 
ventilator if it can be avoided, nor against 
an external wall. Much depends, how- 
ever, upon the situation of the apartment 
and upon the likelihood of heating. 
There should be a flap on the overflow 
pipe, to exclude draughts wh' ".h might 
tend to freeze the water in the cistern 
itself. Cast-iron cisterns have rounded 
corners to give extra strength against the 
effect of frost. 

Outside the house all service pipes 
should have a covering of at least 2 ft. 
6 in. of earth. This depth presupposes 
a sheltered position : in any exposed 
position the depth of cover should be at 
least 3 ft. This amount of cover is 
required in the case of public water mains 
of larger diameter, and there does not 
appear to be any good reason for making 
it less in the case of house service mains, 
where most leakages occur. 

One of the most fruitful causes of 
trouble is the leakage of draw-off taps. 
If the tap of a sink,*bath or lavatory, 
basin is dripping during a hard frost, an 
icicle forms at the outlet of the waste 
pipe and plugs the pipe. Such stoppages 
can be prevented entirely by keeping the 
fittings in proper order. 

Radiators. With regard to hot water 
radiators, no radiator should be shut 
off in timS of severe frost. If the whole 
heating ^stem is kept in operation and 
if the feed cistern and expansion pipes 
are properly arranged, there will be no 
danger from frost ; but if any part of the 
system is left cold so that the frost has 
access to it, there will be every probability 
of injury. If a heating system is not 
to be used in the cold weather, it should be 
emptied completely. Facilities for empty- 
. ing exist on any properly arranged system. 

Outside Pipes. Standpipes existing in 
gardens or elsewhere should not be 
allowed to stand full of cold water in the. 
winter. By closing the stopcock and 
opening the frost-cosk (which latter 


should be provided in a pit below each 
pipe), the pipe above ground level can 
be emptied. Where such pipes must be 
used in the winter they should be coated 
with insulating material and provided 
with a wooden casyig, and emptied if a 
frost of exceptional severity occurs. Where 
a pipe enters outside ground it should be 
insulated to a depth of 2 ft. 

Hydrants should be provided with 
frost plugs which open when the hydrant 
valve is shut and allow the water to drain 
out after they have been used, thus 
preventing freezing. Water meters should 
be arranged with due consideration of the 
need for protection against the action of 
frost, and the same applies to any other 
appliance used in connexion with water 
service. Where a valve hydrant or other 
fitting is held by freezing up, it should never 
be forced to open. The proper procedure 
is to thaw it by heating moderately. 

Wlierc, as sometimes occurs, it is 
necessary to carry a water main exposed 
in *the open air, it may be protected by 
suitable insulation. Sometimes for this 
purpose a pipe of small diameter is placed 
inside one of larger diameter, so that 
an air space may occur between the two 
pipes ; the outer pipe is then protected 
with insulating material and an exterior 
casing. In the case of pipes of larger 
diameter sonfbwhat the same result has 
been obtained by binding slats of wood 
against the pipe so as k) leave air spaces 
between the slats. The woodwork is 
then covered with sheet ipctal casing, and 
this is again covered with insulating 
material such as slag wool, which will 
again be encased. 

In the case of a house remaining un- 
occupied in cold weather the whole water 
supply system should be emptied and also 
the heating system. There remains, how- 
ever, the consideration of water held* in 
w.c. traps, sink traps, etc. This is 
particularly important in the case of 
outside w.c.'s in exposed positions, where 
trouble from frost would be practically 
certain. Water can be removed from the 
traps, but that alone would be very un- 
desirable owing to the ventilation of 
drains and waste pip^s into the building. 
It is, however, possible to overcome the 
difficulty by partially filling the traps with 
salt water, which freezes at a lower 
temperature, or to overcome it entirely 
b^ filling the traps with oil*. 
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FROST BURSTS: CAUSES & METHODS OF PREVENTION INVESTIGATED 


The account of methods for protection 
against frost given in the previous pages is 
complete and sound up to the date of the 
R.I.B.A. report and has been in no way 
superseded. Some of the same ground 
has been gone over again in later investiga- 
tions, but the subject is of sufficient 
importance for full presentation. Notes on 
sonje recent official pronouncements are 
given and an extract from the Minimum 
Specification No. IV of the Institute of 
Plumbers. 

Technical Investigations. Despite 
the attention focused upon frost pre- 
cautions in the last two decades, good 
practice in this important matter is not 
yet general. In new buildings there is no 
excuse for not taking the relatively simple 
and inexi)ensivc steps necessary to reduce 
to a minimum tlie risk and waste of burst 
pipes. A valuable series of investigations 
was undertaken by the British Non- 
Ferrous Metals Research Association be- 
fore the War, and notes from a Paper read 
by Dr. J. McKeown to the British Water- 
works Association, Nov. 1938, are given 
Iicre by permission. 

Established Facts. Dr. McKoomti 
stated that the freezing of water is 
accompanied by an expansion of approxi- 
mately 9 per cent by volume. The freezing 
point is lowered by pressure, but this is of 
no practical significance since the pressures 
required to keep water liquid at tempera- 
tures materially J^elow freezing point arc 
extremely high. For example, to maintain 
Welter liquid at a temperature of 2-5 deg. C. 
below the freezing point requires a pressure 
in the water of 2-i tons per sq. in. ; such a 
pressure would set up stresses in the pipe 
wall which no w^er service material could 
withstanej 

When the water in a pipe freezes, the 
expansion due to ice formation must be 
accommodated in one of three ways : {a) by 
the unrestricted movement of water along 
the pipe (for example, back into the ' ain) ; 
(b) by expansion of the pipe ; (c) by escape 
of water from the pipe owing to a burst. 

In practice, water pipes ^ot infrequently 
freeze without any distortion of the pipes, 
because of the unrestricted movement of 
the water which accommodates expansion. 
For instance, ir. m outside pipe rising to 
an exposed tap, if freezing proceeds from 


the tap downwards, the pressure is relieved 
by the flow of water back into the main. 
Such effects are frequently fortuitous and 
not the result of forethouglit in design. 
Trouble arises where the freezing water is 
trapped between taps or between one tap 
and an immovable ice plug, in which case 
the pipe must expand or burst. 

Much experimental work on materials 
resistant to frost bursting, or able to with- 
stand expansion due to repeated freezings 
by reason of superior ductility, showed 
this is not a practical method, and at the 
best high ductility can only give a 
slightly increased life to pipes in frost. 
Although in a straight run of half-hard 
copper pipe an ice plug can be moved 
under presssure, since freezing proceeds 
farther without distortion than in a lead 
pipe, in practice the advantage? is limited. 

In fact, frost bursts cannot be prevented 
by improvement in pipe materials. The 
installation should he so desie^ned that water 
in the pipes does not become cold enough to 
freeze or, if it does, high pressure cannot be 
set up in any length of pipe. 

Conclusions of the Investigation. 

(1) The material of a pi])e is of secondary 
importance as compared with installation 
layout. The behaviour of different ma- 
terials depends on the condition of freezing, 
and no material c^n be recommended to 
avoid frost bursting undtT unsatisfactory 
condi^iins. 

(2) 'here it is impossible to avoid in- 
stalling a water pij)e in a position which 
might result in freezing, the pipe should 
be protected by wraj)ping or boxing-in 
(as by wood casing) or both. The best type 
of protection depends on the ^conditions 
and was not studied in this investi- 
gation. The value of still air, and the im- 
porttincc of keeping dry any wrapping used 
for this purpose are well known. 

(3) Pipes which are exposed to frost arc 
more liable* to burst if freezing proiiceds 
along the pipe towards a closed tap or stop- 
cock. In cases where the complete pre- 
vention of freezing is impossible, protec- 
tion should be so arranged to en.siire that 
freezing proceeds towards an open tap, 
main, or supply tank. 

Thus the only completely effective 
^method of avoiding frost bursting is to 
prevent the formation of ice in water 
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pipes, though damage from freezing may 
be minimised. 

Official Notas. Post-war Government 
publications have given attention to this 
important matter. In the ** Building 
Study, No. 4, Plumbing" (summarised in 
a supplement to Vol. 3 of this work) the 
following paragraphs are authoritative 
recommendations : 

“ 32. Water-supply piping, cisterns, and tanks 
should be so located or so insulated that they 
are adequately protected against frost. 

“ 33. Water-supply systems should be so 
designed that they can be completely emptied, 
and convenient provision should be made for 
carrying out such emptying. (This provision is 
also useful for easy repairing.) ** [See Fig. i.] 

The following, quoted from " The 


Housing Manual" (1944), Technical Appen- 
dix (b), is also relevant : 

" The protection of domestic water sup- 
ply systems against freezing has received 
all too little consideration in the past. 
Protection can be provided by planning 
and by insulation. The plan of the building 
may be such as to lend itself to the secure 
and economic planning of the water 
supply system without the use of insula- 
tion, but normally even a well-planned 
system will call for some degree of 
insulation." 

Both are published by the Stationery 
Office for the Ministries of Works and 
Health respectively. — S.G.B.S. 
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FROST. Fig. 1. Diagramt from Building Study, No. 4, Plumbing." Water supply ■yitem of house with 
upstairs bathroom and closet and cold storage cistern In roof. Note interior ^cation of rising service pipe, 
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Minimum Specification Precau- 
tions. Additional precautions against 
frost are given in Para 13 of Minimum 
Specification No. IV of the Institute of 
Plumbers, given by permission with illus- 


trations (Figs. 2 and 3) : 

13. (i) It is recomme^ed 


that an emptying 


^ loose wood cover, liticU wutli 
a double thickness of hair-felti 


* dalvanized iron or woo^ 


irass fiteiuiofi pipt 
between ball tap and 
union fUft 


litiet and outlet 
pipes aepdrately 
insunited 
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Fig. 2 (above, right). Arrangement of emptying cock 
above internal stop tap. Fig. 3. Cold water cistarn 
encase ' n wood and space filled with non-conducting 
material. 

From " Ulnmum Speeifiation No. IF ’* o/ ln$titute ot 
Plumberg, by permiaion. 

cock should be fixed as close as possible to the 
internal stop tap on its outlet side to enable the 
whole installaiion to be turned ofi and drained as 


3. Position, (i) The position ot pipes within 
a building should be carefully selected. In new 
buildings chases may be prepared in advance. 
The internal face of an external wall should be 
avoided wherever possible. For vertical pipes 
of such position it is preferable to fix on a 
partition wall. Pipes rising into or dropping 
from a roof space should always pass through the 
top fioor ceiling at least 6 ft. from the external 
wall or eaves. All pipes in roof space should be 
insulated whatever their distances from caves. 

(ii) Where it is not possible to avoid fixing on 
the inner face of the external wall, wood grounds 
should be used for fixing of the pipe as an 
insulation 


illustrated [Fig. 2]. 

(ii) Where pipes are unavoidably fixed in 
exposed positions they should be protected by 
being covered with good quality hair felt at 
least f in. thick, or other insulation. Where the 
pipe is unavoidably fijied in the external air, the 
insulation should be protected with a waterproof 
covering. 

(iii) Where storage cisterns are fixed u* the 
roof space or other ^posed positions, they should 
be protected against frost by an outer casing of 
woed or other material, leaving a space of at 

*least 2 in. all round and underneath the cistern. 
This space to be filled with non-conducting 
material and have an additional cover lined with 
hair felt fixed not less than 2 in. clear space above 
the normal wood Cover. Provision should be 
made for aAquate ventilation to the inside of the 
protective ^sing. [See Fig. 3.] 

(iv) The ball tap inlet should be extended so 

that the union connection and the water pipe 
will be outside the wood casing. This allows the 
water pipe to be separately and more completely 
insulated. It is not sufficient insulation for the 
water pipe if the pipe is fixed inside th wood 
casing, unless the wood casing is boxca out 
around the pipe 2 in. clear all round. The former 
method 'ta neater and simpler in construction. 
[See Fig. 3-] , , ' * . 

Recommendations for nxmg of pipes m 
Para 3 of. the Specificatipn are referred to 
at the end’bf Para 13 (quoted above) and 
are to a certain extent relevant to frost 
precautions. 


(iii) Wrought iron or mild steel pipe lines 
should terminate within a prescribed distance 
from the sanitary fitting. The connection from 
the iron or steel pipe to the fitting to be of lead 
pipe, having a brass or gun-mctal union screwed 
into the iron pipe fitting and attached to the lead 
pipe with a wiped soldered joint. 

(iv) ^ipes should be readily accessible lor 
inspec n and repair. 

(v) >':pes passing through walls or floors 
should be guarded by a metal sleeve, permitting 
freedom for expansion or other movement. 

(vi) Where pipes are brought into contact with 
cement they should be protected by a covering 
of hessian cloth, hair felt or bitumen paper. 

(vii) It IS important to avoid d)ps and air 
pockets in cold water pipe lines, such undulations 
create noises and water hammer ; Hhey also 
prevent complete emptying of the pipe when 
repairs are required, or if the installation is 
required to be drained from the lowest draw-off 
tap to avoid damage by frost during temporary 
vacation of tfie building. 

(viii) When fixing pipes in wood floors, they 
should run alongside the joists tp avoid cutting 
wherever possible. When cutting the joists for a 
transverse pipe line the pipes should be fixed near 
to the bearing of the joints. 

(ix) Where pipes are laid across wood floor 
joists or in wood casings of any description, 
allowance should be made in the openings to 
avoid pressure on the walls of the metal pipe 
%nd so permit free movement for expansion 
and contraction of the pipe and to avoid noises 
due to friction on the^ joists or casings 


448C 





FUELS: HEATING & HOT WATER SUPPLY 

FUELS : FOR HEATING AND HOT WATER SUPPLY 

By Norman Wignail, A.M.I.Mech.E.» M.I.H.V.E. 

In this contribution Mr. Wignall briefly discusses the various types of fuel and 
gives a comparative Table of Calorific Values and other data. Each of the principal 
Fuels is discussed elsewhere In this work under its own heading (see Anthracite ; 
Coal ; Coke ; Gas ; Oil Fuel), and other information is given in tRe Boiler group. 

For the principles of combustion, see Combustion. 


A fuel is a combustible substance used 
to feed a fire. As explained under the 
heading Combustion, burning is really a 
process of oxidization, and even the most 
inflammable or combustible substances 
cannot burn in the absence of oxygen — 
generally available in the air, of which it 
constitutes about 20 per cent, before a 
fuel will burn (in normal conditions) it 
must be ignited, though combustion some- 
times starts without outside aid (“ spon- 
taneous combustion). Coal, when heated 
by the kindling fire of wood, paper, etc., 
bencatli it, gives off a combustible gas 
that takes fire and produces flame. Once 
alight, it generates enough heat to con- 
tinue burning. Coke, on the other hand, 
being almost pure carbon and containing 
little volatile matter is harder to ignite 
and needs more air (greater '' draught ") 
to kcej) it burning. Providing a chimney 
or flue induces draught — which means 
that a constantly renewed supply of 
air is provided to yield up its oxygen 
for aid in the burning of the fuel. Forced 
draught is the supply •of extra air under 
[iressure to accelerate the burning. 

The purpose of burning fuel is, of 
course, to supply heat ; in a stove or open 
fire, to warm a room ; in the furnace of a 
boiler, to heat the water. Fuels used 
for these purposes contain mainly carbon, 
with hydrogen and sometimes oxygen. 
The carbon and hydrogen are in a 
chemically combined state. When a fuel 
is raised to the temperature at which 
that particular fuel will ignite, it burns — 
combining with the atmospheric oxygen 
and generating intense heat as a result of 
thi» chemical combination. If sufficient 
oxygen is present, the gas known as 
carbon dioxide is produced (CO2) ; if, 
however, insufficient oxygen is present, 
the poisonous gas carbon monoxide (CO) 
is formed. Water vapour also is produced 
as a result of burning fuel. Smoke is 
merely the unburnt gases plus uncon- 
sumed particles of fuel. The so-called^ 
smokeless fuels are those which have 


comparatively little content of volatiles 
and a high content of carbon (e.g. anthra- 
cite, coke.) Flame is produced by the 
burning of combustible gases from tlie 
fuel. 

Fuels may be solid, liquid or gaseous. 
The first mentioned are the most familiar, 
and practically everybody has had a 
certain amount of experience in their 
use. Coal may be justly described as 
our national fuel, and from it coke and 
gas arc also derived. 

Solid Fuels. Each type of fuel has 
its own natural characteristics, and, in 
the case of the solid fuels, these vary 
wilhin wide limits. The first and most 
important consideration with res])ect to 
any fuel is its heating ])ropcnsity, or 
“ calorific value,'* which is usually ex- 
pressed in B.Th.U. per lb. and represents 
the theoretical heat value under perfect 
combustion conditions. In the case of 
gas, however, the C.V. is usually given in 
B.Th.U. per gi. ft. 

After the calorific value, two other very 
important factors are price and com- 
bustion efficiency. The latter is largely 
dependent on the characteristics of the 
fuel (particularly so in th# case of coal and 
coke) and the efficiency of the apparatus 
in which it is burnt. Thus, in the case ^ 
of solid fuels when hand firing under 
natural draught conditions is practised, 
the combustion efficiency may be any- 
thing from 40 per ccnt.*to 80 jer cent.; 
but where automatic stokers are ^i^ployed, 
it should be not less than 65 per cent, and 
may be anything up to 85 per cent., 
though seldom above this latter figure. 

Coal consists of carbon, volatile matter, 
and ash in varying proportions. There 
arc three general classes — anthracite, 
^bituminous coal, and lignite. Unfortu- 
nately, there is no recognized dividing 
line between tht three groups, and inter- 
mediate grades go somewhat vaguely 
under the terms semi-anthracite,*' and 
“ semi-bituminouS." The quality really 
depends oh the proportion, of pure carbon 
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in relation to the volatile content and ash. 
Naturally, in any of the grades, the 
greater the ash, the poorer the quality. 
Carbon burns smokelessly, while increase 
in volatiles tends to produce smoke. 

The classification below will serve as 
a guide, but it must again be pointed out 
that no definite standardization exists. 


with oxygen to form HgO {i.e. water). 
It is therefore important to ensure that 
where oil firing is appliec^to boilers the 
flue-gas temperature should not droj) 
below the dew point of the gases, other- 
wise condensation will occur, with dele- 
terious effects on the boiler plates. See 
further under Oil Fuel. 


Comparative Table of Fuels 


■ Fuel 

Constituents 

Calorific Value 

Carbon 

Volatiles 

Moisture 

Hydrogen 

Sulphur 

Ash 

B.Th.U. per lb. 

Anthracite 

85 %“ 9 o“;, 

3 %- 8 % 

— 

— 

— 

t'p ti. 5 “;., 

.Approx. 14,500. 

Bituminous 

Coal 

50 %- 7 o% 

23 %- 45 % 

I'p 5% 

— 

— 


12,500 13.500. 

Coke . . 


— 

5 %-io% 

— 



1 1,000-1 2, 5ot>. 

Oil 

« 5 % 

— 

— 


1 O'" -,0/ 

^ /l) - /o 

— 

iS.ooo 10,000. 


Below about lo per cent, of volatile matter 
tlie coal is classed as .\nthracite. 

Pure Anthracite should show a carbon content 
not less than 85 per cent, with volatiles not 
more than 8 per cent, and usually not more than 
5 per cent. ash. • 

In Semi- Anthracites the volatiles increase 
up to 15 [nil cent., witii a corresponding decrease 
in carbon content. 

Semi- Bituminous coals contain up to 23 per 
cent, volatiles, and Bituininous anything from 
23 per cent, to 45 per cent. 

'J'lie ash centent may vary in any of the grades 
(apart from the Anthracites) from 5 per cent, up 
to 15 i)er cent., or even 25 per cent. 

Coke is the residue of cotd vWiicli has been 
“ carbonized,'' i.e. where practically the 
whole or a large peFcentagc of the volatiles 
have been driven off. It contains mainly 
carbon and ash ^nd burns sinokelo'^-siv. 

A further important factor with all 
solid fuels is the nature of the ash and 
•its* “ fusion temperature." Where the 
fusion point is low, trouble can be expected 
with clinkcring unless special arrange- 
ments arc provided to overcome it. If 
the ash Ims a high fusion point, then it 
remains ifl the form of dust or powder 
after the fuel is consumed, and either 
falls througli the firebars, or allows them 
to be easily cleaned by agitation. 

Oil Fuel. This is a refined form of 
crude oil as obtained from the wells 
of America, Persia, and Russia. Louring 
the pro.cess of refining, petrol, lubricating 
and illuminating oils are .separated, the 
residue being used as fuel. The main 
constituents are carboq and hydrogen, 
and it should be noted .that during the 
process of comb ‘stion, the latter combines 


The table above givTS a g(‘ncniJ idea 
of the analysis of tlu; four main classes 
of fuel in common use. 

Gaseous Fuel. Town's gas is becoming 
popular as a fuel for lu'ating hoihTs on 
account of the practically perfect auto- 
matic operation which it otters. Gas 
contains a large percentage of hydrogen ; 
therefore the sarruj reinai ks ap])ly as with 
oil fuel, but assume (iven greater ini])ort- 
aiice. The boilers used for gas- firing are 
very often constructed of corrosion- 
resisting metal, and particular require- 
ments are necissaij^ in the case of flues 
connected to such boilers. The hydrogen 
content varies from 40 per cent, to 50 per 
cent., netliane (CH4) from 25 per cent, to 
35 pi :ent., carbon monoxide (CO) from 
5 per cent, to 15 per cent., and the calorific 
value may be anything from 400 to 600 
B.Th.U. per cu. ft. 

Automatic control and fuel feeding can 
now be applied to any of tin; •foregoing 
fuels, but in the case of coal or coke a 
certain amf)unt of handling is alway.. 
necessary before the fuel enters the 
storage hopper, as well as cleaning of fiRJs 
and ash removal. .So far as automatic 
operation is concerned, therefore, gas 
offers most advantages, with oil a good 
second, and the solid fuels come last. 

Generally speaking, however, what is 
gained in one respect is lost in another, 
particularly in regard to economy. Thus 
the less labour required for attention, the 
more expensive the fuel, and vice versa. 
Since the prices as well as the quality of 
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the respective fuels' (with the exception of 
oil) differ so widely in various localities 
a choice between those available usually 
calls for careful consideration, particularly 
as the economics of the question is almost 
inevitably the deciding factor. 

FUSE AND FUSE BOARD. Fuse 
is the term applied to a complete device 
whose purpose is to protect an electrical 
circuit from possible damage from an 
excessive current flowing in it (caused for 
example by a sustained overload or by 
a fault such as a short-circuit or an earth) 
by cutting off the supply by the melting, 
or blowing, of a fuse element (commonly 
known as a fuse wire). 

The Rated Current of a fuse is that which 
it can carry continuously without undue 
deterioration, as stated by the manufac- 
turers, and the Blowing Current is that 
at which the fuse element ruptures — 
approximately one and a half to twice 
times the rated current. 

Fuse elements are made of standard 
alloy (63 per cent tin and 37 per cent 
lead) to protect circuits having a current 
rating up to 5 amperes, and of tinned copper 
wire for current ratings from 3 to 100 
amperes. 

It is no longer permissible to connect 
an open fuse wire between two fixed 
terminals. It is carried by a porcelain 
bridge-piece, either on the surface or semi- 
enclosed (passing through the holder to 
prevent scattering of •the metal when the , 
fuse blows), or in a glass, ceramic or fibre 
tube (fitted with metal end caps, known 
as a Cartridge Fuse), and possibly con- 
taining a non-inflammable powder. 

It has been strongly recommended that 
cartridge fuses should be made universal. 

The fuse-element, together with the 
cartridge^ or other container, if any, and 
which is capable of being fitted to the 
fuse contacts, is called sl Fuse-Link. 

Fuses are forbidden in sockets and 
ceiling roses, but their use in plugs and 
socjcet-outlet adaptors is permitted. Fused- 
plugs are increasingly used in wiring pi ac- 
tice. The plug carries a single replaceable 
cartridge fuse in the live side only (a two- 
pin typeplugwws/ be non-reversible). Fused- 
*plugs are available in 13-amp. rating (Fig. i). 

Current Rating of Fuses. The current 
rating of a fuse in a final sub-circuit must 
not exceed that of the smallest conductcy: 
(including every flexible-cord not pro- 
tected by a fuse in a plug or in a socket- 


outlet-adaptor), it is deagned to protect — 
except that no fuse-link having a current 
rating of less than 3 amperes need be 
inserted in any final sub-circuit (except for 
radio, clock, and other light-duty cir- 
cuits). Conversely, the rating of any cable 
or flexible must not be less than the rating 
of the fuse protecting it. This requirement 
is often overlooked when portable appara- 
tus is plugged indiscriminately into the 
first available socket. 

The use of fused-plugs or socket- 
adaptors gives greater scope and flexi- 
bility, but in this case the rating of the 
fuse must not exceed that of the flexible. 

Single-Pole Fusing. To comply with 
I.E.E. Regulations it is essential to know 
the nature of the supply to which con- 
nexion is made. Although it is laid down 
in general that throughout an installation 
(except in a branch derived from a cooker 
control unit), there must be a fuse in each 
pole, there are certain exceptions, and 
one, the subject of a recent amendment, is 
of considerable importance in view of the 
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FUSE. Fig. 1. Fused plug, standard IS-ampare typer 
with rectangular pins. Above left, fuse link in one 
pin. Designed forf ring main circuits, the outlet 
of the plug is shuttered. 

Covrtesv. F. H. Iddan, Ltd. 

prevalence of the type of supply^oncerned. 
This regulation stipulates tha#: 

Where the neutral point of an alternating 
current supply is earthed, a fuse, non-linked 
switch (or circuit breaker) must not be con- 
nected in the pole that is connected to earth. 

This rule includes all 2-wire circuits con- 
nected to a 3-wire or 4-wire S3^tem connect- 
ed to earth, and under these conditions all 
2-wire circuits^ must be controlled by a 
single pole fuse on the live side. 

Distribution /use Board. In modem 
wiring practice mses are usually mounted 
in a box constructed of metal or incom- 
bustible material (such as a plastic) ; this 
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is still referred to as a Board (or Distribu- 
tion Fuse Board). 

A typical circuit connected to a public 
supply consists of a box containing the 
service fuses and sealing box (to which 
the service cables are connected), meter, 
main switch, and m&in fuse board to 
which subsidiary fuse boards may be 
connected. 

The consumer’s main switch may be 
combined with the main fuses. Where 
such a combination is used in a small 


All metal clad fuse-boards must be 
earthed by a tinned copper cable of not 
less than 7/'029. 

Every final sub-circuit, unless there is 
only one, must be connected to a separate 
way on a D.F.B. A final sub-circuit having 
rated capacity not exceeding 15 amperes 
may supply an unlimited number of points 
provided that the aggregate rating of the 
points does not exceed that of the cable, 
and provided that in private houses or 
residential flats there is not less than one 


installation and the fuses control the final final sub-circuit for lighting for each 
sub-circuits, it is termed a Splitter-Switch. 1,000 sq. ft. 

Unless the permission of the supply A final sub-circuit having a rated 
authority is obtained to omit the con- capacity exceeding 15 amperes must not 
sumer's main fuse, a combined switch and supply more than one point except in the 
fuse must not consist of more than 3 following cases ; 


double-pole ways, each rated 
at not more than 15 amperes. 
The lighting load must not 
exceed 5 amperes, and the 
total connected load not more 
than 30 amperes. But with 
the supply authority’s per- 
mis?^oii +? omit the main fuses 
there is no limit to the number 
of ways in the distribution 
fuse board and no restriction 
on the connected load. 

The switc h must be operated 
from a handle outside the case, 
which is interlocked with th« 
cover so that it cannot be 
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opened until the , switch is 
at “ OFF,” when the fuses 


FUSE. Fig. 2 . Domestic control unit «t/ith cartridge fuses, 60 -amp. 
D P main switch and 2 30 -amp. and 6 13 -amp. fused circuits. 
Courtesy, Dorman d Smith Ltd. 


may be safely withdrawn. 

The recommendhtion embodied in Post- 
War Building Study No. ii for a 
Coiftumer's Supply Unit have been put 
into practice. These units are designed 
CO blend with the supply authority’s unit 
consisting of cable -sealing -box, main 
supply single-pole* cartridge fuse (sealed), 
and .a prepayment or quarterly meter. 

A type of consumer’s unit or fuseboard 
now available consists of a 6o-amp. 
double pole switch with two 30-amp. 
cooker and water heater circuits and six 
13-amp. circuits for power and light 
(Fig. 2). The fuses are cartridge, s/ .gle- 
pole and of the fused-pin type. Spares are 
provided. A rotary switch^ and test lamp 
enable a blown fuse to be detected at once. 
The unit is contained in a metal box with 
an ” off ” fimd ” on ” indicator and is shock- 
proof, even though the shield be removed 
and the main smteh on. 


(a) cooker circuit rated at m(jre than 15 
PI oercs may also carry a socket outlet in 
t: . lu^oke^r control unit, fused at 5 amperes, 
(d) To supply 13-ainperc socket outlets, if the 
following conditions are fuHilled : 


Number of Max. Rating Min, size of 
Outlets Fuse Cable 

20 7/020 

30 7/536 

30 7l-02()* 


♦If sub-circuit is in form of a wire, with both ends of 
the cable brought to same terminal on the fuse board. 

With a ring circuit (see Wiring) it is per- 
missible to t ;ike spurs from the ring without 
additional fusing to serve not more than 
two outlets per spur, provided that the 
cross sectional area of the spurs is not less 
than that of the ring, and that there are 
not more than lo outlets on the ring 
main and spurs combined. — R. A . Baynion, 
A.M.LE.E, See Circuit; I.E.E. Regula- 
tions : Ring Main ; .Wiring. 
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FUSION (FUME) CUHING: BY OXY-ACETYLENE 

By N. F. Daniel, B.Sc. 

Outlining the principles of cutting by the oxy-acetylene blowpipe (for some time 
known as Fusion Cutting) and describing the plant employed. Notes are in- 
cluded on the application of Flame Cutting to pipework. For other information 
on the gas equipment, see Acetylene ; Lead-Burning ; Oxygen ; Welding. 


The equipment for the oxygen cutting 
of steel consists of a supply of acetylene 
cither from dissolved-acetylene cylinders 
or from an acetylene generator ; a supply 
of oxygen in cylinders ; oxygen and acety- 
lene pressure regulators ; a cutting blow- 
pipe, with a special nozzle ; canvas rubber 
tubing ; necessary keys and spanners ; 
welding goggles, and a spark lighter. 

On the oxygen cylinder it is necessary 
to use a pressure regulator which covers a 
wider working pressure range than is 
normal for welding. A useful range is 
given by a pressure gauge calibrated for 
10-220 lb. per sep in. For very heavy 
demolition work it is sometimes necessary 
to go up to 400 lb. per sq. in. The normal 
acetylene regulator can be used as for 
w(;lding, because acetylene pressures for 
cutting do not depart very far from those 
used for welding. 

The equipment used with high-pressure 
acetylene is illustrated 
by Fig. I ; it should 
be set up in the normal 
manner, taking the usiial 
precautions that all 
joints arc clean and 
gas-tight, that the 
rubber hose is free from 
grit and dirt, and that 
there is an adequate 
supply of both ga.ses. 

Principle of Oxygen 
Cutting. Oxygen cut- 
ting may be used for 
steel of all grades ; and 
for cast-iron but not 
fof the non-ferrous 
metals. The principle 
of the process is that 
the metal to be cut is 
heated locally to a 
'temperature above its 
ignition point (which 
in the case 
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oxygen is directed on to the hot metal- 
This causes oxidation to take place, and 
the heat so produced enables the cutting 
process to follow continuously and pro- 
gressively across the metal. As the carbon 
content in the steel increases it becomes 
more difficult to cut by the oxygen jet. 
The difficulties are due to the fact that 
carbon raises the ignition point of the 
metal on the one hand, and on the other 
hand it causes cracking of the metal if 
cooled down rapidly from its melting 
point. 

Some elements, such as chromium and 
nickel, also render cutting more difficult, 
but in general these difficulties may be 
overcome by pre-heating the steel before 
cutting commences, and annealing when 
cutting is completed. 

It is now possible to cut stainless steels 
by a special technique known as tin) powder 
cutting process. Briefly, this involves 
the introduction of a 
finely divided metallic 
powder into the oxygen 
cutting stream, and the 
fluxiflg action of this 
powder, together with 
the htmt evolved by its 
oxidation, renders stain- 
less steel cutting pos- 
sible, both for scrap and 
fabrication purposes. 

Further development 
and research has re- 
vealed that ^his process 
can now be applied to 
the oxygen cutting of 
brass, bronze, copper and 
other non-ferrous metals. 

Oxygen cutting is ex- 
tensively employed for 
demolition purposes, 
while its application for 
fabricational purposes is 

FLAME CUTTING. Fig. 1. High-preisure ^ which is CVer 

the case of mild oxy-acetyieno cutting equipment. Core •widening, and which has 
, , . 1 j. o /-> \ must be taken that joints ore gas-tight and* jT r . 

steel IS about 1,000° C.), that hoie ii clean w o/m text pagm io and a great future in con- 
and then a stream of DritJ.T’oJftti'&Ti.w.’’ structiopal engineering. 



OXYGEN 

Cyluidtr painted black) 


ACETYLENE 

Cylinder painted maroon) 



FUSION (FLAME) CUTTING 


For repetition work it is usual to employ passes through the centre of this annulus, 
an oxygen cutting machine, but for The shape of the flame is shown in 
smaller work a hand-cutting blowpipe Fig. 3, p. 454. » 


Table i.— Hand Cutting Data. Mild Steel Plate 

Flame Cutting-^xy-Acetylene 


Plate 

Nozzle 

• 


Approximate ti.is 

CnttitiR 

Oxygen 

Cuiisumptioiis 

Thickness 

Size 

Sptted 

Pressure 

Cub. ft. /hi. 

Ins. 

In. 

Ft./liour 

Ib./sq. in. 

Cutting 

Heating Oxygen 





Oxygen 

or Acetylene 

. 

1/32 

6n/8o 

25/30 

30/35 

13/10 

i 


00/115 

25/30 

70/80 

Iti'io 


i/i 6 

100/125 

20/25 

110/125 

16/10 


1/32 

50/60 

30/35 

35/40 

13/10 

\ 

3 / 6.1 

70/o.S 

.30/35 

Ko'qo 

16/10 


1/16 

80/100 

25/.30 

125/140 

16/10 

s 

3/64 

40/30 

35/40 

00/05 

16/10 

« 

if 16 

70/00 

30/35 

140/155 

16/10 


l/l6 

60/80 

35/40 

155/170 

16/10 


5/64 

70/00 

30/35 

2 20/24. S 

16/10 


1/16 

40/60 

40/45 

170/185 

10/23 

.•5/64 

65 /B.S 

35/40 

245/265 

I (>/ 1 0 


1/16 

35/4.3 

45/.50 

185/200 

23/26 

2 

5/64 

40/50 

40/45 

265/200 

10/23 


T/r 6 

25/3.5 

50/55 

200/215 

2.»/26 

3 

.1/64 

30 '40 

50/55 

320/335 

23/26 


1/16 

20/30 

55/60 • 

215/2.30 

23/26 

4 

5/64 

25/30 

.50/55 

320/335 

23/26 


ili6 

20/25 

60/70 

230/260 

26/20 

5 

5/64 

20/25 

55/60 

3.1.5/360 

23/26 

a 

i/iO 

15/20 

70/80 

260/200 

20/33 

o 

5/64 

20/25 

60/65 

360/385 

23/26 


imay be used. The difference between 
?thcw: appliances lies merely in the 
mechanical contrivances fitted to guide 
Tthc tr-ayerse of the blowpipe around any 
igiven s'ltape. • 


Cutting .Blowpipe. Fig. 2 shows in 
isection a tt\ypica# oxygen cutting blow- 
jpipe. There are two gas inlets, one for 
.oxygen and one for the fuel gas. The fuel th 
,'gas may be, of ooursc, either acetylene, cu 
^coal gas, hydrogen, or any .suitable hydro- fa 
rear bon. The oxygen stream is divided st( 
into .two, 4pne ipefrtion going to feed the 
heating stream, and one portion being bi 
used for cutting purposes. The oxygen ac 
and the fuel gas are mixed in a suitable be 
mixing chamber and emerge through an 
annular hole in the cutting blowpipe 
nozzle. The oxygen cutting stream utvtit 


^ Operation of the 

Equipment. After 

setting up the plant 

the valves on the gas 

Cub, fi./ hi. cylinders should be 

iittinR Heating oxyReii opcued and the work- 

xygen or Ac rtyle iic prCSSUrCS SCt On 

i.i/io the regulator. The 

0/125 ifi/iQ heating oxygen con- 

~i^ valve should be 

U'/*o opened, and then 

— the acetylene control 

'C/?5, Ifc/I? valve. After igniting 

— the gas and adjusting 

iM/Iq the flame to neutral, 

Z,i2'3 the control lever for 

s/afts the cutting oxygen 

5/200 2;^/2f> Stream should be re- 

leased. By i)ressing 

.o/2t5 on this lever the oxy- 

— gen stream may be 

0/33? 23/26 t:ut off at will. It is 

: es.sential to pay par- 

.S/360 23/26 ticular attention to 

“0“ nozzle used, 

g.i/2f> the distance of the 

nozzle from the work, 
and the pressure at the oxygen regulator. 
Suppliers of cutting equipment will give 
adeciuato data on these points and pro- 
vide guides for maintaining the nozzle at 
the correct dislaifce. The accompany- 
ing table gives useful information in this 
resp^'* t. 


Application to Pipework. One of 

the most important applications of oxygen 
cutang in sanitary engineering is the 
fabrication, extension and removal of 
steel and cast-iron pipework. ^ 

If the pipework is to be fabricated by 
butt welding (either electrical or oxy- 
acctylLue), it is necessary to prepare 
bevelled edges. An oxygen cutter gives 


cuttimg oxyoen 

CONTROL 


ACETYLENE . 
CONTROL 



FLAME CUTTING. Fig. 2. Typical cutting 
tilowpipe: separate *in lets for oxygen and fuel 
gas ; mixing chamber ; annular hole in nozzle ; 
lever control for oxygen ; individual controls mr 
two oxygrn streams and fuel gas fsee also Fig. 1, 
p. 127). * British Oxygen Co.. Ltd. 


HEATING Oxygen'; 
Control 
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TOO MUCH FUEL GAS INNER NOZZLE 

OmmI tar OmI Irw ECCENTRIC 

OR DAMAGED 


Fig. 3. The oxy-acetylene or other fuel*q;at cutting 
flame : shapes or flame depend on proportions of gases 
emerging through annulus. 

British Oxj/uett Co., Ltd. 

a ready means of doing this. It may 
be used on site, and any desired length 
or shape cut to fit. 

The oxygen cutter may also be used for 
the fabrication of pipe bends if it is found 
that suitable elbows or bends are not 
available or art too costly. Fig. 4 shows 
a method of making a bend by cutting and 
welding (see Welding, Pipework). 

A portable oxy-acetylene cutting 
machine can be employed for dealing with 
pipes. One type is shown in page 783, 
under the heading Pipe Cutter. This 
consists of a circular frame, which is 
clamped to the pipe to be cut, and carries, 
the cutting head. By turning a hand 
wheel the cutting head is made to revolve* 
around the pipe, and completely to traverse 



SECTION OF WELD . 


Fig. 4. Method of making bend from length of steel 
pipe by use of ‘ oxy-acetylene cutting and welding. 
Segments are cut with the oxygen hand cutter 
above) and pipe is then bent 


it, SO that the flame can be brought to 
bear upon the entire surface to be cut. 

In connexion with cast-iron pipes, 
oxygen cutting has been used extensively 
during recent years. It is necessary to 
use an excess of acetylene in the flame ; 
and to give the blowpipe a movement 
from side to side and not attempt to draw 
the blowpipe in a straight line, as is the 
case with mild steel. 

FUSION POINT. The fusion ppint 
of a metal is defined as that temperature 
at which the metal becomes molten. This 
definition is quite satisfactory for the pure 
elements, and the accompanying list 

(Table I) gives ^ ■ 1 

the melting Table i.-Fuslon Point. 

points of a few 
representative 
metals which the 
welder may en- 
counter during 
the course of his 
work. 

^In the case of 
alloys, however, 
the matter is not 
so simple. Alloys 
are made up of 
more than one 
metal, and usually 
the effect of adding one metal to another 
•is to change^ the melting point of the re- 
sultant alloy^, so that it is lower than that 
of the constituent metals. If an alloy is 
first melted and then JtUowed to cool, and 
the rate of cooling plotted on a graph, it 
is found that two or mq|:e definite breaks 
in the rate of cooling occur. 

At a certain temperature solid master 
begins to separate out and the rate of 
cooling decreases^. This continues until 
suddenly all the remaining liquid solidifies 
and the temperature .does not drop 
appreciably for some time. JThe solid 
metal then cools quickly. 

The range between the temperature at 
which solidification first commences and 
the temperature at which solidification is 
complete is known as the plastic range. 

This can on occasions be very useful in- 
deed. A striking instance is the behaviour 
" of plumbers* solder. Plumbers' solder is 
a mixture of tin and lead ; usually in the 
proportions of two parts of lead to one 
part of tin. The jnixture begins to solidify 
at about 225° G, but does not set com- 
pletely solid until 180'’ C. is reached. This 


Metal 

Melting 
Point =®C 

Aluminium. . 

659 

Antimony . . 

630 

Bismuth . . 

271 

Chromium . . 

1.553 

Copper 

1,083 

Gold . . . . 

1,063 

Iron . . • . 

1,530 

Lead . . 

327 

Magnesium . . 

651 

Nickel 

1,452 

Platinum . . 

1,755 

Silver .. •• 

961 

Tin 

232 

Tungsten . . 

3,400 

Zinc . . . . 

419 


4 - 54 . 
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svide range en- Table ii. — Melting Range 
ables the plumber 
to wipe the joint 
as it cools. 

The melting 
range of a num- 
ber of alloys is 
given in Table II. 

FUSION 
WELDING. 

There are many 
definitions of 
welding, but in 
general it is taken 
to mean a process which involves bringing 
the metal to be joined up to its melting 
point, allowing the two edges to coalesce, 
with or without the introduction of filling 
material, and then allowing the join so 
formed to solidify. 


It is best to restrict the words “ fusion 
welding " to the processes where elec- 
tricity or gas brings about the fusion of 
the metals, and to subdivide fusion 
welding into electric arc, oxy-acetylene, 
oxy-coal-gas, etc. The methods of wdding 
which are not included in the group fusion 
welding are forge welding, resistance 
welding, hammer welding, etc. 

The term “ autogenous welding was 
once widely used in order to fix the idea 
that the join was made without the intro- 
duction of some other metal or agent. 
With the widespread employment of 
welding rods, to supply extra metal 
to the joint, the term “ autogenous weld- 
ing " is not strictly true, and instead a 
variety of terms such as “ fusion welding,*’ 
“ gas welding ** “ oxy-acetylene welding,” 
and so forth are used. See Welding. 


Metal 

Melting 

Range*^ 

^Alpax • • 

600-577 

Brass, 70/30 

950-920 

„ 60/40 

9x0-890 

... Brazing 

870-850 

Bronze 

1050-790 

Duralumin . . 

650-550 

Solder (2 Tin, 

x8o 

z Lead) 


„ (1 Lead) 

205-180 

X Tin) 

„ (I Tin, 

225-180 

2 Lead) 

Monel Metal 

1350-1^00 

White Metal 

440-180 


GARAGE DRAINS: SPECIAL REQUIREMENTS 

By F. C Cook, M.R.San.l. 

The legal requirements for the prevention of oil and petroleum spirit from reaching 
the drains. Notes are given on layout and Interception arrangements, 
ventilation, etc., Including simplified methods suitable for a smaller garage. 


In all large towns, public garages have 
been instituted primarily for the purpose 
of storing cars for private individuals who 
have no garage attached tp their own 
house. 

Included in the facilities offered are 
those of overhauling, greasing and washing 
the car, while invariably petrol is supplied. 
Again, with the advent of residential high- 
class flats, accommodation for the tenants' 
caps is frequently provided, which gener- 
ally includes at least a space for car 
washing ; and sometimes petrol is supplied. 

Legal Requirements. The possibility 
of lowing accumulations of petrol 
fumes to •form within the sewer, thus 
endangering the lives of the men whose 
duty it is to work in sewers, is provided 
against by legislation. The Public Health 
Act, 1925, Part III, Section 41, defines it 
as a punishable offence wilfully or negli- 
gently to empty, turn, or permit to enter 
into ai\y sewer or drain communicating 
with a sewer, any petroleupi spirit ; while 
petroleum spirit is defined as {a) any 
crude petroleum ; (6) aqy oil made from 
petroleum, coal, shale,. peat, or other 
bituminous substances ; (c) any products 
of petroleum and mixtures containing 


petroleum which, when tested in manner 
set forth in the First Schedule of the 
Petroleum Act, 1879, give off an inflam- 
mable vapour at a temperature of less 
than 73® F. Similar powers are given in 
the London County Council (General 
Powers) Act, 1927, which are applicable 
to London. 

Th< ^ublic Health (London) Act, 1936, 
Sectioi.5 56 and 57, states that it is a 
punishable offence to discharge into the 
sewer solid matter such as mud, or offen- 
sive liquid matter sucli as chemical, 
manufacturing, trade or othqf refuse, 
which either ^one or in combination with 
any other matter in a sewer may cause 0 
nuisance or involve danger. 

The main point to be considered in 
garage drains is the interception of the 
harmful sufistances such as petrol,* oil 
and mud. 

Layout. The general layout for the 
drains is governed by the size of the area 
to be drained ; and in practice, for a large 
garage, a main drain usually in heavy iron 
is installed with branch drains connected 
by means of junctions. The g^y traps 
10 the branch drains are provided with 
access covers for tjie purpose of rodding 
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GARAGE DRAINS, 
gully in c.-i. : 13 in. 


Fig. 1. Heavy 
inside diam. at 


the branch should it be- 
come blocked with grit 
(Fig. i). The^drains are 
embedded in concrete 6 in. 
thick up to half their 
diameter, and the joints 
are made with molten lead ; 
an adequate fall is provided 
to the first intercepting 
chamber. 

Interception Arrange- 

^ i_ 'll* deep; 14| in. diam. by 2{-ln.-thlck 

nnentS* The buiiuing grating; outlet with access cover; 

regulations governing this rt'ronriSJdil'': 4.‘inTTni.t'’KanchM 
class of structure are ver}' shown by dotted lines, 

exacting owingto the highly iBum jtroi. im) 

inflammable nature of petroleum spirit. The 
impervious floors, constructed of Portland 
cement concrete, are laid with gradients 
so as to allow all fluids falling on them to 
discharge into gully traps, which are 
suitably placed in accordance with the 
area of the floor. The system of drains 
to which the gullies are attached is laid 
in a similar manner to those of sewage 
drains, which, before finally discharging 
into the sewage drainage system, empty 
into a triple chamber interceptor for 
petrol, oil and grit (Fig. 2). 

The specific gravity of both petrol and 
oil is less than water ; therefore they will 
float on the water of the first of the three 
chambers, to which all the drains from the 
garage floor are connected. Some of each 
may be carried through to second chamber 
during a period of excessive use, such as. 
car or floor washing ; while the third 
chamber provides a further interception 
for what little petrol and oil escapes the 
second chamber. It will be noted that 
deep intercepting pipes are installed 


/el7d'd 








Fig. 2. oarage petrol Interceptor, standard arrangement In L.C.C. 
area : first and second chambers retain m^t grit and floating oil 
and petrol ; third chamber retains remainder : sizes of trapping bends 
depend on quantity of liquid expected ; covers and frames to suit 
heavy traffic. Each chamber ventilated by 3-In. pipe. (fiara Bros, ltd.) 


in each of the chambers, 
the depth of one being 2 ft., 
while two are 2 ft. 6 in. 
deep, so that the inter- 
ception has a total depth 
of 7 ft. The outlet pij^ 
in the first chamber is 
6 in. shorter than those in 
the second and third 
chambers ; this is because 
the grit and other road 
detritus freed from the 
car when washed are 
retained in this chamber, 
and only the finer par- 
ticles are carried through with the flow 
of water into the second and third. 

The size of each chamber is 3 ft. cube 
to the waterline, which is approximately 
170 gallons ; ample opportunity is thus 
afforded for the major portion of the 
petrol and oil to separate from the water, 
and for the grit to gravitate before it 
reaches the bottom of the outlet pipe of 
tke first chamber. The chambers are 
usually built in 9-in. brickwork with the 
inside rendered with Portland cement 
compo, it being necessary that they should 
be watertight and also airtight at ground 
level. Each chamber is provided with a 
double seal heavy cast-iron cover, some- 
times with a double cover, or a counter- 
sunk top iBto which floor or roadway 
material is fixed. See Manhole ; Cast Iron. 

Ventilation. The space between the 
water level and the manhole cover of 
each chamber is ventilated by means of 
3-in. L.C.C. coated iroA pipes which join 
together above ground level and are 
carried as one 3-in. pipe to the open-air, 
terminating in a 
position where the 
vaporized petrol can- 
not enter a window or 
other opening of the 
building. The reason 
for joining the pipes 
:ogether above ground 
IS that if first chamber 
should become filled 
with grit to height 
of outlet pij)e, the 
discharge cannot 
find an outlet through 
the vent pipe into the 
second and third. 
Such blockage will be 
evidenced at gully 


E- 


Vento 
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GAS : (I) PROPERTIES AND BEHAVIOUR 


outlet of such drain is weU submerged. 

The specific gravity of petrol vapour is 
approximately three times that of air, so 
that the vent pipe should be kept as low 
as possible to enable diffusion to take 
place ; at the same time the position must 
be such that ignition of the petrol vapour 
is impossible : a low percentage of petrol 
fumes in air forms an explosive mixture, 
and the entire system of garage drains is 
invdlved. Hence, all inlets to such drains 
should be trapped and subjected to 
periodical flushing, either by floor washing 
or by being charged with water, so that 
the petrol fumes cannot be emitted into 
the garage. Should that condition exist, 
owing to trapless gullies being installed, 
an explosion may take place, even by 
the back-firing of a car; on the other 
hand, if small quantities of petrol leak 
from the cars, it remains on the surface 
of the gully trap water and evaporates ; 
should ignition take place, it is entirely 
confined to that gully. 

Petrol Supply. When a garage lias 
petrol supply pumps attached the area 
in which the pumps are situated is also 
drained, and in such a way that spilt 
petrol cannot flow down the approaches 
to and from the pump area and into 
the road gullies. Open channels, covvired 
with strong iron open gratings, are 
installed (Fig. 3), which cnscharge into 
a gully trap situated on the boundary, 
in cases where the ground on which the 


pumps are situated is higher than the 
footpath. These gullies also are connected 
to the petrol interceptor. The local 
authorities usually contract to empty the 
interceptors, using a vacuum plant for 
that purpose. 

Small Interceptors. 

With the smaU garage 
for only a few cars, p 
interception from the 
drain of the offensive 
matter can be dealt with [j 
by a deep gully trap 
having a detritus cham- 
ber with detachable 
perforated bucket {see r — — i 

Fig. i). It is good prac- ’n 

tice to fill bucket with oL afc 



cokp for the ■niimo^kO of QARAQE DRAINS. 
coKc lor ine purpo.>c 01 3 

retaining oil, which can non ofc.l. grating over 

be disposed of by burn- channel. 

ing or be removed with trade refuse. It 

will be noticed that the gully has a very 

deep trap which assists in intercepting 

oil and petrol. The size of the gully varies 

with the number of cars garaged ; it can 

be obtained from 9 in. in dameter (which 

is suitable for a private hc^use garage) and 

is fitted with a heavy grating to withstand 

motor traffic. 

The situation of such fitment is in the 
centre of the wash-down ** in front of the 


garage, with a slight fall on the garage 
floor for the puipose of washing the floor 
if desired. 


GAS: (1) PrfVSICAL PROPERTIES & BEHAVIOUR OF GASES 

By*G. A. Hill (Instructor in Gas Engineering, Redhi I i Technical College) & J. St. Denys Reed 


As a preliminary to the discussion of Town’s Gas (see second and third articles of 
this Group) the present contribution gives an elementary survey of the physics 
of gases.« It will be found valuable also to the student of Air Conditioning and 
Ventilation (which see). Gas ** laws ” are briefly explained : refer also to Boyle’s 
* Law; Charles's Law; and see Air; Atmosphere; Pressure. 


The gaseous state is one of the three 
phases or states in which matter may 
exist. In the solid state the molecules 
composing the matter cannot mov rela- 
tively to each other, and are held in 
mutual contact. Most solid matter may 
be liquefied by suitable lareatmcnt, when 
the molecules are more or less free to 
move about within tte volume of the 
liquid. This capacity fot molecular move- 
ment is measured by the degree of viscosity ; 
' ff, im- 


mobile, or viscous, the viscosity is said 
to be high, «.nd vice versa. • 

Molecular Movement. Application 
of heat to a liquid has the effect, among 
others, of raising the velocity of the 
molecules ; thus the liquid becomes less 
viscous (i.e. more fluid). The molecules 
are kept within the bounds of the liquid 
by a force known as surface tension, 
twhich prevents the molecules from separa- 
ting from the mass of the liquid ; but at 
the boiUng poinV the velocity of the 
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molecules is so great as to overcome through that wall, depending on the 
the restraining influence of surface tension number of impacts against the wall per 
and the molecufes leave the mass of the second. The pressure inside the container 
liquid in the state of a vapour or gas (e»g. will therefore decrease as the gas escapes, 
when water evaporates to steam). A leak detector consists of a container 

In the gaseous state the distance made in the form of an aneroid (see 

between the molecules is very great as Barometer), one wall (i.e. circular end) 
compared with the size of the molecules ; consisting of a porous plate, while the 
the molecules are then very free to move other end is connected by a system of 
about and, given sufiicient space, the magnifying levers to a pointer. To detect 
gas will expand (i.e. the molecules will the presence of a gas lighter than air the 

get farther apart) indefinitely. aneroid is filled with air ; if only air 

Brownian Movement. The fact that a surrounds the instrument the bombard- 
gas consists of molecules in free and rapid ment of air molecules on each side of the 
motion has been shown by suspending an porous plate will be equal, and for any 

exceedingly fine mist of oil in the gas number of air molecules passing or 

under examination. On viewing the diffusing from the aneroid an equal 
particles of oil through a microscope, number pass into it ; the pointer therefore 
they appear to be dancing about in remains at zero. 

continual movement, which is only ex- If, however, any gas lighter than 
plained by the fact that the partides of air (of which gas, therefore, the molecules 
oil being so small as to be almost weight- will have a higher velocity than those of 
less are bombarded by the molecules of air) surrounds the instrument, then the 
the gas and thus kept in motion. This is bombardment on each side of the porous 
known as the Brownian movement," plale becomes unequal, the gas molecules 
and is increased by increase of temperature pass into the aneroid at a greater rate 
and pressure and vice versa. than that of the air coming out, the 

From the foregoing it will be seen that difference depending on the velocity of 
a gas must be very elastic, and it is in its molecules compared with those of air. 
fact the most perfectly elastic form of Thus a pressure difference will be set up 
substance. It may be compressed or within the aneroid, the pointer showing 
expanded within its own physical limits the concentration of gas present, 
indefinitely. Under certain conditions of This same 'Jjhenomenon is made use of 
temperature and pressiyre, most gases are in the construction of carbon dioxide 
changed to the solid or liquid form. • and oxygen indicators or recorders, used 
Two of the gases which are Commonly used in the control of flue gases in boilers, 
and more easily liquefied by pressure are furnaces, etc. , 

sulphur dioxide and carbon dioxide ; the Pressure Measurement. High gas 
later, on being suddenly released from pressures are measured by means of a 
pressure in a cylinder, is immediately gauge similar to a steam gauge, the 
changed to the solid form known as pressure acting on a flexible curved and 
carbon dioxide " snow." This substance flattened metal tube, and opening out the 
is used f ery widely for cold storage curve. This moves a pointer over a dial, 
purposes., and is marked in either pounds Jier sq. in. 

Gas Leak Detector. An interesting or in atmospheres (one atmosphere is 
use of the phenomenon that the molecules roughly 14^ lb. per sq. in.). For lower 
of a gas are always in motion is that of pressures up to, say, 14 lb. per sq. in. a 
the leak detector. The molecules of auy mercury U gauge is preferable and usual ; 
one gas have a definite velocity at any while for lower pressures still a water 
given temperature : hydrogen molecules U gauge is always used. For very low 
have roughly four times the velocity of pressures (of the order of i/ioo in. water 
those of air. If any gas is enclosed in a "gauge) modifications of the water U gauge 
'ciiamber, then according to the speed of are used. (See Pressure Gauge.) 
the gas molecules there will be a definite When water is boiled and heating is 
number of molecules in rapid motion and continued^ steam is formed : steam is the 
" bombarding " unit area per second. Ift gaseous fonn of water (ice, of course, being 
one wall of the container is porous, a Sie solid form). Steam obeys the gas 
number of molecules of «the gas will escape laws, as all gases do, and may be expanded 
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or compressed as desired. We compress it 
in a boiler and use its powers of expansion 
in steam engines and the like, being a 
cheap and ready means of converting 
latent or potential energy (in the form of 
fuel) into motive power or kinetic energy. 

Air, the most common of all the 
naturally occurring gases, is used in a 
compressed form for operating road drills, 
pneumatic hammers, chisels, and in some 
circumstances for compressed air engines 
for driving machinery. Water is also 
raised from deep wells by forcing it up 
by compressed air. For heating, lighting 
and power, coal gas is most commonly 
used. • Coal gas is composed of hydrogen, 
unsaturated hydrocarbons, carbon mon- 
oxide and methane, all of which are in- 
flammable when mixed with air, together 
with small amounts of inert gases such as 
carbon monoxide, nitrogen and oxygen. 
It forms a convenient and clean means of 
supplying heat, light and power. 

Gas Laws. Gases to a greater or less 
extent obey the simple gas laws of Boyle, 
Chcti’leo, Dalton, \vogadro, and Henry. 
Boyle's law and Charles's law are set out 
and explained under their respective head- 
ings, pages 174 and 224, Boyle’s law states 
that the volume occupied by a gas varies 
inversely as the pressure to which tbn gas 
is subjected. Charles's law states the 
effect of temperature chang® upon a gas : 
the gas increases in volume, for each rise 
of 1° C., to the extent of 1/273 of its 
volume ; it decreases by 1/273 of its 
volume for each fall in temperature of 
1° C. Dalton's ‘* 1 aw of partial pressures " 
states that in a mixture of gases each gas 
exerts that same pressure it would exert 
if it alone were in the vessel in question, 
so that the total pressure thei efore is the 
sum of the pressures of the component 
gases of the mixture. 

Avogadto’s law states that, under 
similar conditions of temperature and 
pressure, in equal volumes of different 
gases there are the same number of 
molecules. 

Going back to Dalton’s law, if th. gases 
in a mixture are standing over a liquid, 
each gas will behave according to Henry's 
law, just as if it alone* were present. 
Henry's law states that the mass of gas 
which is -dissolved by a given volume of a 
liquid is proportional td the pressure of 
the gas. 


GAS ; (I) PROPERTIES AND BEHAVIOUR 

All matter (including, of course, gases) 
is made up of tiny particles known as 
molecules. We have already seen that 
“Brownian movement is evidence of 
the rapid molecular motion of gases. The 
pressure exerted by a gas is due to the 
property of infinite and unlimited 
expansion. When the air pump connected 
to an air-tight bell jar is operated to 
extract the contained air, and some air 
is actually removed from the jar by 
pumping, the rest of the air in the. jar 
expands so as completely to fill the jar. 

Moreover, as the piston of the pump is 
pulled up, thrusting out air from the part 
of the barrel open to the atmosphere and 
producing a state of lowered pressure 
beneath the piston, air from the bell jar 
follows up closely, although a considerable 
quantity may have previously been ex- 
hausted from the jar by former strokes. 
The air left in the jar, it is evident, 
expands so as to fill the space and goes on 
expanding indefinitely. 

This explains how, when pressure is 
reduced, the gas increases in volume. 
Tlic converse is when air is compressed 
in a non-elastic receiver by a pump, 
when a given mass of gas is made to occupy 
considerably less volume than at atmo- 
spheric pressure. The effect of tempera- 
ture rise can be demonstrated by inflating 
a rubber balloon with air, tying the neck 
securely and warming the balloon : the 
latter will expand with the increase in 
pressure due to increased temperature, 
so that the balloon “ grows bigger.” 

Ar ' ‘^hcr example of the effect of reduced 
outsii ‘ pressure may be given : when an 
aeronautical balloon is being prepared for 
an ascent and is inflated, say, with 
hydrogen, a gas lighter than air, it is not 
completely filled, but space is left for the 
expansion sure to take place lafer as the 
balloon ascends into a thinner (more 
rarefied) atmosphere and atmospheric 
pressure grows less. 

Practical applications of some of the 
laws above* outlined are to be found in 
many branches of plumbing, heating and 
ventilating and are mentioned incidentally 
in various articles in these subjects 
throughout this work. The necessarily, 
limited scope of the present article pro-r 
hibits a. fuller explanation here, but 
the student or the interested craftsman 
can follow the subject further in a. textr 
book of physics V 
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GAS: (2) MANUFACTURE OF TOWN'S GAS 

, By G. A. Hill. M.lntt.Fuel. 

Instructor in Gas Engineering, Redhili Technical College 

Here, for the benefit of the student and craftsman, the process of manufacturing 
Coal Gas is outlined and its properties are explained. For further information 
the reader should refer to Gas (I) and (3 ) ; and for the practical aspect see 
under the heading Gas Fitting. 


Gas is obtained from coal by the 
destructive distillation of the latter in 
hermetically sealed retorts. This process 
is also known as carbonization of coal, 
and the main object is to obtain the 
maximum of gas and coke in the most 
economical manner. The methods of pro- 
ducing coal gas are basically ihe same, 
varying only in size and shape of retort. 
It is usual to control the quality of the 
gas thus made by an admixture of limited 
quantity of blue carburetted water gas ; 
this is either made separately in a special 
producer plant, or else the contents of 
the coal gas retorts are steamed towards 
the end of the carbonizing period. The 
chief methods of carbonizing are : 

1. Horizontal retorts : 

(а) Single ended — hand or machine 
charging and discharging. 

(б) Double ended retorts — machine 
charging and discharging. 

2. Vertical retorts: 

(a) Intermittent. 

(h) Continuous. 

3. Coke ovens. 

4. Low temficrature carjionization. 

5. Complete gasification. 

Horizontal Retorts. On a very small 
gas works, serving a small country 
district, it is usual to find single-ended 
retorts which are charged and dis- 
charged by hand. The retort is generally 
Q shaped, and consists of a 
refractory fireclay tube with an iron 
mouthpiece and door. Depending on the 
daily output or make ” of gas required, 
a suitable number of retorts is built into 
“ beds ” — i.e. a number of retorts so 
arranged that they are all heated together 
by t)ne producer. The lattei* is situated 
underneath the retort setting generally, 
but may be separated, and consists of a 
suitably shaped furnace filled with in- 
candescent coke. Air and steam are 
*iirawn through the firebed, when the 
oxygen in the air combines with carbon 
to form carbon monoxide : 

2C -f-O, = 2CO • 

At the same time the steam combines 


with carbon to form hydrogen and carbon 
monoxide. 

C + HaO = CO + Ha 

This mixture of hydrogen and carbon 
monoxide is known as “ producer gas, 
and is a cheap low-grade gas very suitable 
for heating the retorts. The coal is fed 
into the retorts by hand shovelling or may 
be charged by a simple machine of the 
shovel-charger type. The top of the 
charge is levelled off and the retort door 
sealed. The temperature is maintained 
at approximately 1,000® C. for a period of 
about twelve hours, when the door is 
opened and the coke raked out. This type 
of retort can only be comparatively short, 
for ease of charging and discharging, and 
is generally 10 ft. long. 

Double-ended retorts (generally 20 ft. 
long) are used on large installations. They 
are generally Q shaped and, as the 
name implies, are fitted at both ends with 
• iron mouthpieces and doors. Machine 
charging ancf discharging are necessary. 
Both ends of the retort are opened and the 
coke pushed out on to a conveyor and 
quenched with water. The method of 
heating the retorts is hy^ producer gas as 
before ; indeed, whatever type of plant is 
in use, heating is always by this method. 

The gas, which is very impure, is led 
away from the retorts by means of off- 
take pipes situated at the iron mouth- 
pieces at or near the top immediately 
behind the door. All off-takes go up 
vertically to the top of the retoVt setting, 
then dip down and are sealed into a 
collecting or ** foul " main containing a 
certain amount of water. The pipes dip 
into the water, which automatically seals 
them against gas leakage from the main 
when the retort doors are opened. 

Vertical Retorts. These are tall, 
narrow rectangular chambers, generally 
built of silica, tapering gradually from 
top to bottom, \hc smaller dimensions 
being at the top to allow easy discharge of 
the core downwards. The bottom of the 
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retort is sealed by doors in such a way 
that when the doors are opened the retort 
is left perfectly clear for the coke dis- 
charge. Coal is dropped in by a travelling 
charging machine through small doors at 
the top of the retort. The retort is then 
sealed, and carbonization carried on for 
10 to 12 hours. It is usual during approxi- 
mately the last two hours to steam the 
retort. By this means a much higher gas 
yield is obtained and control of quality is 
dso possible ; more flexibility is also 
obtained. The coke is discharged at the 
bottom into a skip, quenched and hoisted 
up to storage and grading plant. 

Continuous verticals are similar in 
shape to the intermittent type, but here 
the coal is fed in continuously and at such 
a rate that carbonization is complete when 
any point in the charge reaches the bottom 
outlet. Coke is continuously extracted 
mechanically at the bottom of the retort. 
Steaming is carried out throughout ac- 
cording to the quality of gas required. 
The gas is taken from the retort by off- 
take both at the top and bottom, 

and thence into foul-gas mains in the 
conventional way. 

Coke Ovens. Strictly, coke ovens were 
designed to produce a hard, good quality 
coke for metallurgical purposes, tho gas 
being looked upon as a by-product. 
Although the gas produced is low in grade 
compared with usual gas works practice, 
it is now distributed widely for industrial 
use. Coke ovens are usually run by 
collieries, so that the gas produced is 
naturally very dheap, and it is in great 
demand in the industrial areas surround- 
ing the coalfields. The retorts are shaped 
similarly to the vertical retort, except 
that they resemble such a retort turned 
on one side. The chambers are very much 
larger. • 

Low Temperature Carbonization. 

This process, as the name implies, is 
carried out at vt ry much lower tempera- 
tures than all other processes. The retort 
is a specially shaped metal container. 
The gas produced is naturally a ri h one, 
having a high calorific value, but is cor- 
respondingly less in volume. The tar 
produced is rich in oils, and the coke is 
characterized by its soft lexture and the 
ease with which it is burnt. Taking the 
gas industry as a whole, low temperature 
carbonization is carried out only on a 
^miaU scale, and is a costly process. 


Complete Gasification. This is a 
process wherein the apparatus is similar 
in principle to a produccr-*-viz. a chamber 
containing incandescent carbon through 
which a controlled amount of steam and 
air is passed alternately, as in a blue 
water-gas producer. Air is blown through 
the firebed to recuperate the temperature 
of the fire, the hot products being used to 
heat a waste-heat boiler. The firebed in 
this case is coal, all liquid products (i.e. 
tar) being sprayed on the firebed and 
subsequently “ cracked " and gasified. 
In this process the only product is gas, 
the coke being gasified by alternate 
steaming and blowing. Of course, non- 
coking coal may be used, which may be 
of decided advantage. 

Purifying Process. From the foul 
main the hot impure gas containing excess 
moisture, tar, naphthalene, sulphur com- 
pounds, etc., passes through a governor 
known as the retort house, which main- 
tains approximately atmospheric pressure 
conditions inside the retorts irrespective 
of the amount of gas being made. The 
gas has had a cooling and scrubbing 
process by bubbling into the liquor in the 
foul main, but now from the governor it 
passes to the condensers. These may be 
just a plain series of pipes cooled by the 
atmosphere or by spraying water on 
them, or may be of the compact multi- 
tubular type in which the gas and the 
cooling water surrounding the tubes are 
in counterflow. The effect of the con- 
der.<“rs is to bring the gas down to 
atm( 'heric temperature, thus condens- 
ing th».' excess moisture, naphthalene, tar, 
etc. ; these latter products arc separated 
and run to suitable storage. From the 
condensers the gas then passes to the 
exhausters, used for drawing thg gas from 
the retort house and pumping it through 
the rest of the purifying train -into the 
gas holders. The gas is pumped from the 
exhauster to a washer (a vessel containing 
water, through which the gas passes in 
very fine streams). This takes out* the 
last trace;:; of light tar fog and most of the 
remaining naphthalene. 

After leaving the washer, the gas is 
pumped through a scrubbing plant to free 
it from remaining tar fog, ammonia, etc. 
The scrubber may be of the static variety ; 
this is a tower filled with wooden grids 
'constantly wetted by a stream of water 
passing down, thj gas passing upwards 
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and coining into intimate contact with the to the declared calorific value by ad- 
large, exposed wet surface. Alternatively, mixture with a strictly limited amount of 
a washer-scrubl|pr (combining both washer blue or carburetted water gas. It is then 
and scrubber) may be used. passed on to the gas holder for distribu- 

The end of the purifying process consists tion as town’s gas on the district, 
of passing the gas through large rectangular Benzol may be extracted after purifying 
“ boxes ” filled mth bog ore, a light brown by a washer-scrubber containing gas oil, 
earthy substance containing a high per- creosote, etc. 

centage of iron oxide. The remaining Coal gas of itself is not inflammable, 
impurity now in the gas is sulphuretted and has to be mixed with a varying 
hydrogen (HgS), which in contact with the quantity of air before it can be usefully 
hydrated iron oxide forms ferric sulphide, employed. Coal gas is supplied to the 
ferrous sulphide and water, thus : consumer at a pressure of approximately 

Fe, 0 j.H ,0 4* 3H,S= FpjSj 4- 4H,o 6 -in. water gauge, this static pressure 

FejOj.HjO 4 * 3^25= 2 FcS + S + 4H,0 being changed into kinetic energy by 
A small quantity of air is pumped passing the gas through a small jet just 
through with the gas, in order to revivify before the burner. An opening is provided 
the oxide in situ, but kfter a time it is just after the jet through which air is 
necessary to remove the oxide and* drawn, mixed and injected into the 
spread it out exposed to the action of the burner. This air is known as primary air, 
air, when the iron sulphides take up and at 6 -in. water-gauge pressure only 
oxygen and deposit sulphur. about half the necessary amount of air 

The gas next goes through the station for complete combustion can be supplied, 
meter, and thence to the gas holder. To burn a gas mixture in a confined space, 
On the larger works the purified coal gas it is supplied through a compressor at 
is tested for calorific value and adjusted higher pressure (up to 70-in. water gauge). 

GAS; (3| CHARACTERISTICS & UTILIZATION OF 

TOWN'S GAS 

By R. N. LeFevra, MJnst.Gas E., A.I.Mech.E. 

An article for the Gas Fitter and for other craftsmen whose work brings them 
Into touch with gas supplies. It provides Information essential to a proper 
understanding of the practical side of Gas Fitting, dbalt with in a later 
article under its own heading. See also Pipes : (4) 

In order to appreciate the elementary longer used directly as a flame for illumin- 
considerations of what happens when gas ation. The oxygen required for corn- 
bums, it is necessary to know the compo- bustion (which see) comej, of course, from 
sition of the gas. This will vary from town the atmosphere, and the burning of gas 
to town, according to the type of coal uses up some of the air in a room, ^ut 
used, the method employed for carbon- the amount used is so small relatively 
izing it, and various other local or economic that it has no practical significance. There 
factors. In general, however, the gas will is a lot of air about, and the difficulty, if 
always centain four main combustible any, is to exclude unwanted air. 
constituents jdz. hydrogen, methane, a of Appliances. A |as appli- 

mixture of other hydrocarbon gas^. and ^e dti^ned in such maSier 

carbon monoxide. To bum, each of these permits * 

requires oxygen When combined Adequate entry for the requisite 

with oxygen and burnt, carbori ^oxide amount of air necessa^r to bum gas at the 
and water vapom are products of rate for which the appliance is intended, 
combustion, and they are quite harmless. (yj proper ventilation of the products 

^of combustion formed when the gas is 
^ A COMBUSTION OF GAS burnt. It follows that the products must 

Result of Burning Gas. Apart from be evacuated fi!bm the combustion zone, 
the formation of the products of com- otherwise fresh air cannot come in to 
bustion. when gas is burnt heat is gener- allow the combustion process to continue, 
ated ; in fact, this is usurdly the main* British Standard Sp^hcation No. 717. 
purpose o£ hutning. the gsis, and it is no “ Combustion Toting of . Domestic A^ 
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pliances/’ is intended to ensure a uniform 
method of testing the combustion of gas 
appliances, which must in consequence be 
designed to conform to the requirements 
of the test if they are to be recommended 
by the Gas Industry for use by the public. 

If combustion is not complete, carbon 
monoxide will be formed, in addition to 
the normal harmless products of complete 
combustion ; and since this gas has no 
smell, its presence in dangerous concen- 
trations may not be suspected. Carbon 
monoxide is normally present in the 
atmosphere in minute quantities, and the 
provisions of the above-mentioned British 
Standard Specification are such that the 
amount of carbon monoxide present in 
the products of combustion from a gas 
appliance shall be actually less than the 
normal concentration in the atmosphere. 

Since water vapour is one of the pro- 
ducts of the combustion of gas, it follows 
that liquid water will be formed if this 
vapour be allowed to condense. In the 
past ft was customary for this to be the 
normal state of atfairs, with the result 
that geysers and the like had to be 
provided with some suitable means of 
disposing of the condensed water. Modern 
practice tends towards the complete 
avoidance of the condensation of the water 
vapour, for the reasons given below. 

Heat Evolved When Gds is Burnt. 
The heating effect of gas is the major 
consideration nowadays in all processes 
concerned with its utilization. Even with 
lighting it is th<j heating of the mantle 
and its consequent incandescence which 
determines the amount of light produced. 
It is, therefore, only proper that the law 
should require gas to be measured and 
sold by its thermal value. Gas under- 
takings are required to declare their 
calorific ^alue and, once declared, to 
mahitain it at that value within closely 
prescribed limits The public is thus 
assured of always obtaining the correct 
heating value for its money and, what is 
more important, a national standard is 
established which enables the pr^ ^ of 
gas from place to place to be compared 
and also ready comparisons to be made 
with electricity and dther duels. 

Calorific Value and the Therm. 
The declared calorific value of the gas 
supplied by an imdertaking is expressed 
in British Thermal Units per cubic foot. 
Gas is sold by the therm, which is 


equivalent to 100,000 British Thermal 
Units and is a more convenient unit than 
the B.Th.U. Since gas fs sold by the 
therm and is still measured by a volu- 
metric method in the meter it is often de- 
sired to convert cu. ft. to therms and vice 
versa. The methods are as follows : 

Therms = Cu. ft. x Declared calorific value 
100,000 

_ Therms X 100,000 
Calorific value. 

The declared calorific value of a gas is 
the total amount of heat obtained when 
one cubic foot of it is burned completely. 
It has been shown above that when this 
occurs water vapour is produced. If this 
water vapour is permitted to escape un- 
condensed it carries with it its latent heat 
(which see) of vaporization, and thus the 
heat realized is less than it would be 
if the water vapour were condensed into 
liquid water and the latent heat recovered. 
The former amount of heat is referred to 
as the net calorific value, while the full 
amount is more accurately described as 
the gross calorific value. 

For practical considerations it is now 
usual to avoid condensation occurring in 
appliances. The sacrifice in heat obtained 
is so small that the effect on the thermal 
efficiency may be ignored. On the other 
hand, condensation decreases the life of 
an appliance, increases the maintenance 
service required, calls for additional 
installation work in'order to effect disposal 
of the water and, if it is not properly 
dispG.. 1 of, may cause inconvenience. 
Henci he majority of appliances are now 
designeil in such a manner that condens- 
ation does not occur. 

For further information see Gas Fitting ; 
also Combustion; and Gas: (i). 

B. GAS PRESSURE AND THeRMAL 
EFFICIENCY 

The two principal considerations in satis- 
factory gas utilization are the maintenance 
of the correct pressure and the assurance of 
perfect combustion of the gas when burnt. 

Gas appliances today are designed to 
operate within critical limits of specified 
rates of gas consumption. For any given 
appliance the rate at which gas will be 
burnt depends upon the pressure available 
at that appliance, and if the appliance is to 
continue to operate uniformly it is impera- 
tive that the desirable pressure shall be 
maintained. The whole of a gas distribu- 
tion system is designed to ensure these 
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constant pressure conditions at appliances. 

At the works the gas is stored in holders 
having either a Boating lift or, in the latest 
waterless type, having a loaded piston. In 
either case the weight supported by the 
gas is the origin of the pressure in the 
distributing system, although in certain 
circumstances additional pressure is ob- 
tained by pumps. The determining factor 
in a gas distributing system is the varia- 
tion in the loss of pressure (due to the resis- 
tance of the pipes, etc.) consequent upon 
variations in the demand for gas. At 
times of peak demand (such as during the 
cooking period) the velocity of gas through 
the mains and other parts of the system is 
high, the energy expended by the gas is 
great, and thus the loss of pressure is 
considerable. 

Importance of Adequate Pipes. As 

far as is possible the pressure at the point 
of entry to consumer’s premises is kept 
constant by automatic control at the gas 
works, and at various points automatic 
pressure regulators (or governors ”) are 
installed in underground manholes in the 
• streets. There remains, however, the 
problem of the varying loss of pressure 
which occurs between the main and the 
appliances in the consumer’s premises. 
The internal carcass pipes should be such 
that there is no appreciable pressure loss 
when the installation is on full load — i,e. 
when all the applianeqf are in use. Thus 
at any given appliance the pressure will be 
the same whether that appliance alone is 
in use or every other appliance on the 
same service is in use — provided, of 
course, that the pressure in the street main 
is maintained constant. 

How Gas Pressure is Measured. 
For all normal purposes gas is distributed 
at very low pressure, usually only a few 
inches of water column. Modern gas 
appliances require an operating pressure 
ot 2 to 2 J in. water gauge, and this is satis- 
factorily obtained if the pressure in the 
mains is in the region of 4 in. gaij^e. 
This is only about i per cent, in excess 
of atmospheric pressure, which is 147 lb. 
per sq. in., and equals 407 in. water gauge 
absolute. Gas pressures are best measured 
with the simple U-tube gauge (Fig. i). 
Apart from measuring the pressure loss 
along a pipe line or in a carcass it has many 
other uses, chief among which are testing 
carcasses and installations for soundness 
and adjusting appliances to correct rates. 


Pressure Loss in Pipe Runs. From 
the foregoing it will be seen that the small 
initial pressure available in the service 
to any given premises docs not permit 
of any undue loss of pressure of the gas 
in flowing through the system to the 
appliances. It is now common practice 
so to proportion the pipes in a carcass that 
the maximum pressure loss at the time of 
full load in the premises 
does not exceed J in. water 
gauge. This is made up as 
follows : along the service 
pipe, one-tenth ; across the 
meter, two-tenths ; and in 
the house pipes, two-tenths. 

Maintenance of Con- 
stant Pressure. Although 
every possible precaution is 
taken both at the gas works 
and in the street mains to 
maintain constant pressure, 

QA8. TOWN'S. UTILIZATION: 

Fi^ 1. U-tube gauge. Limb A is 
attached to gas supply and limb B 
is open to atmosphere. The gas pres- 
sure is shown by the difference in 
water levels. In this case it registers 
a pressure of 4 in. water gauge. 

The scale is marked off in half-inch 
divisions, the reading being taken at 
either water level. (See Pressure 
Gauge.) 

there are occasions when local pressure 
variations render some form of automatic 
control dcsir&ble. If the mains pressure 
fluctuates but the house j)ipes are of 
adequate bore, a constant pressure 
governor may be fitted at the meter to 
control the pressure to jll the appliances 
in the premises. If the house pipes, how- 
ever, are not sufficiently large for the lofid, 
irrespective of whether the mains pressure 
is uniform or fluctuating, it is necessary 
to install a separate governor to each 
individual appliance. It is now, in fact, 
becoming common practice to iftcorporate 
governors in practically all modern ‘gas 
appliances so that they will give the 
maximum service no matter where they 
are used, or how much local conditions 
of supply may vary. 

Governors incorporated in appliances 
may be either of two types — constant 
pressure or constant volume. The former 
automatically <Ld justs any variation of 
the pressure on its inlet to a constant 
pre-determined pressure at. its outlet. If 
the burner orifices of the appliance are 
calibrated it is possible so to proportion 
their diameter, and the pressure set by 
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the governor, that a constant rate of gas 
consumption will result at any of the 
burners of the appliance. A diagrammatic 
cross section of a simple type of pressure 
governor is shown in Fig. 2. It consists 
of a cylindrical casting or stamping with 
inlet and outlet connexions. A flexible 


The gas rate (usually expressed in cubic 
feet per hour, or B.Th.U. per hour) is 
thus the all-important consideration, and 
is closely linked with pressure, combustion, 
condensation, and general satisfactory 
performance of appliances. 


rubber, leather or silk diaphragm sup- 
ports a valve above an annular seating 
through which the gas passes. The 
diaphragm is loaded by weights, so that 
a certain gas pressure is necessary to 
support it in equilibrium. Any fluctuation 
in the inlet pressure will inflate or deflate 
the diaphragm and cause the resistance 
offered by the valve to alter correspond- 
ingly to keep the outlet pressure constant. 


C VENTILATION OF GAS APPLIANCES 

The question is often asked as to why 
some gas appliances must be provided 
with flues while others are expressly 
recommended for use without flues. The 
question is not one of danger, provided the. 
appliance is properly designed and cor- 
rectly functioning, but of comfort to the 
occupants of the room in which the 
appliance is used ; and is concerned with 


The constant volume type of 
governor is suitable only for appli- 
ances having one burner, but has 
the advantage that it will deliver 
only a predetermined flow of gas 
to the appliance. It cannot be used 
on appliances, such as cookers, 
which mav be required with one or 
several 01 ail burneis in use at any 
one time and must thus be used 


QAS. TOWN'S, UTILIZA- 
TION. Fig. 2. Diagram- 
matic cross section of 
simple constant-pressure 
gas governor ; gas enters at 
A under inlet pressure P|, 
passes between valve F and 
its seating G to outlet B ; 
flexible diaphragm D is 
weighted at E to pressure 
equil/alentto outlet pressure 
P 2 : space above diaphragm 
is ventilated to atmosphere 
at C to allow free movement. 



with a variety of rates of gas consumption. 

Combustion Requirements. The 
importance of ensuring the satisfactory 
combustion of gas cannot be over- 
emphasized. The modern gas appliance 
is so designed that, with the appliance 
by itself, perfect burning of the gas 
will obtain. In order that these con- 
ditions shall continue, when the appliance 
is installed in aijy given circumstances, 
it is necessary to observe a few simple 
prcfjautions. Gas is possibly the easiest 
fuel to burn ; its satisfactory com- 
bustion is simplicity itself to obtain, and 
no conditions other than these should be 
tolerated. See notes in pages 462-3. 

Thermal Efficiency. The thermal 
efficiency of an appliance is the ratio of 
the useful heat obtained to the amount 
of heat used in the gas burnt. If an 
appliance is intended to perform a given 
duty (such as a water heater delivering so 
many gallons per minute raised so . ■ my 
degrees Fahrenheit), it is possible to state 
this in Biitish Thermal Units and, knowing 
the calorific value of the. gas and the 
thermal efficiency of the appliance, to 
arrive at the number of cubic feet of gas 
which must be burnt per minute to give 
the required delivery of hot water at the 
desired temperature. 


the ratio of the gas rate to the size of 
the apartment in which the gas is being 
burnt. It has already been shown, in 
the article Gas : (i), that the combustion 
of gas results in tlie production of heat 
and water vapour, and this in excess 
will naturally result in discomfort. 

A special cominittee of the Royal 
College of Physicians recently investigated 
this p' blem and issued a comprehensive 
report -.i which it was emphasized that 
no harmful results could be produced by 
burring gas fluclcssly ; the committee 
made tlie following recommendations with 
regard to limiting conditions. 

The maximum de.sirable rate of ga^* consump- 
tion without a flue is 9 cu. ft. of 500 C.V. gas 
per hour, per 1,000 cu. ft. of room capacity if 
used continuously in a room having up to 
air changes per hour. If the gas is to be burned 
intermittently — as is usually the case — the gas 
rate per i,ooq cu. ft. of room space maj^be 
increased to iS cu. ft. per hour. * 

With gas-heating appliances it should 
be borne in mind that the provision of a 
flue has an advantage additional to that 
of providing heat, in that it also promotes 
ventilation ; a flueless heater provides heat 
only. 

Principles of Ventilating Gas Equip- 
ment. Where gas appliances must 
be fitted with fliie equipment — as is 
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as the' appliance. This 
follows, of course, with 
up-to-date appliances, 
where the baffler is an 
integral part of the ap- 
pliance. The purpose of a 
baffler will be seen quite 
clearly in Fig. 5. 

Appliance (i) has a flue 
but no baffler, and is 
working under normal 
up-draught conditions. 
Excessive cold air (black 
arrows), drawn in at the 

QAs. TOWN’S, uTiLizA- ^*86, causcs a reduction 
TioN : Fig. 8. Cor- m thermal efficiency. In- 

Stallation (2) is the same 

(i) but d^-wow is 

ferably a part of appliance ; OCCUmng. pTOdUCtS Of 
combustion, blown back 
D. the bUTneT, CaUSC 

E, flush wall terminal If CD imperfect combustion and 

Should be unsuitable. 

the room from the base. 
Appliance (3) has a pro- 
perly designed and 
installed baffler and is 
working under normal up- 
draught conditions. The 
opening in the baffler 
breaks the direct “ pull " 
on the burner and entrains 
air which assists the 
ventilation of the room, 
at the same time prevent- 
ing condensation in the 

.. . . {dotted arrows) causes reduction of pres- » ^ .1 

and the practice of using sure at throat of venturi A ; combustion flue by diluting the pro- 

baffler for universal ducts «f combustion, 

application has, except in terminal is ineffective under adverse static Installation (4), Same as 
certain rare and special pressure. abnormal 

circumstances, been discontinued. Bafflers down-blow conditions. The wind (black 
and baffler testing are now covered by 
British Standard Specification and no 
baffler or draught diverter should be 
countenanced which does not conform to 
this. 

The purpose of a baffler is not to pre- 
vent downblow — that is impossible — but 
to'^stop it reaching the comoustion spate 
by diverting it away from the burners 
into the room in which the appliance is 
working. It serves a further useful pur- 
, pose in breaking the direct draught pull ” 
on the burners which, if excessive, would 
lower the thermal efficiency. On no account 
should a proper baffler be omitted from 
the flue to a gas appliance, and the baffler 
must always be fitted in the same room 


necessary with high gas- 
rate water heaters in small 
bathrooms — ^it* is of the 
utmost importance that 
the purpose of the parts 
should ^ understood and 
that they should be 
assembled and located 
correctly. 

The addition of indif- 
ferent flue equipment to 
an otherwise satisfactory 
appliance may produce 
results far worse than 
could possibly obtain 
with the appliance burn- 
ing flueless. 

The general arrange- 
ment of the flue to a gas 
appliance is shown in 
Fig. 3. It will be seen 
that it consists essentially proof ; 
of four parts : primary 
flue, baffler, secondary 
flue, and terminal. With 
modern appliances re- 
quiring to be ventilated, 
the baffler is incorporated 
as an integral part of the 
appliance, and thus the 
primary flue is also part 
of the appliance. It is 
essential that the baffler 
shall be designed to suit 
the particular appliance 
for which it is intended ; 



arrows) is prevented from reaching the 
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burners and is diverted, together with the 
products of complete combustion (dotted 
arrows) into the room from the opening 
at the baffler. Combustion remains per- 
fect, only harmless products diluted with 
fresh air entering the room. 

The function of the terminal is to pre- 
vent ingress of snow, rain or foreign matter, 
or of birds or small animals. It should be 
designed to minimize the incidence of 
down-draught and to take advantage of 
the air movement so produced to create 
an up-draught in the flue. No matter how 
effective the terminal, however, it is obli- 
gatory always to fit a proper baffler at 
the appliance, since no terminal can be 
guaranteed at all times and under all 
conditions to prevent down-draught. 

D. GENERAL NOTES ON GAS MAINS 

Distribution of Gas. Gas is distributed 
from the manufacturing station to the 
consumers* premises by a variety of 
methods according to local conditions 
and the size of the network of mains. As 
a general rule the low pressure arterial 
system is employed wherever possible. 
This consists of linking up all the mains 
and each of the works if there are more 
than one. The system has the advantage 
of equalizing district pressures and pre- 
cludes any possibility of a failure, since in 
the unlikely event of a breakdown the 
gas is not shut off but flow? in another 
direction. Fig. 6 shows a small part of a 
mains sj^tem, and indicates how a repair 
may be effected or a branch inserted at 
point H without interfering with the 
supply of gas to any of the consumers in 
the/ieighbourhood. For the cul-de-sac at 
G, a by-pass must be fitted before it can 
be cut out, otherwise all the users from 
G to F will be cut off. 

Gas is sent out at high pressure in 
certain ar^, particularly in rural dis- 



QA8. TOWN’S, UTILIZATION : Fig. 6. Street 
plan ehowing gae mains linked up (A. B, C. O) so that 
gas can flow In alternative direction if necessary to bag 
off main for repairs or Inserting branch ; in culs-de* 
sac (CF, DF) part to be cut must be by-passed before 
commencing other work ; at H gas can be obtained 
either way, at Q from one way only. 
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BRANCH CONNECTED 
BAGS WITHDRAWN 
RIDER REMOVED 
HOLES PLUGGED 


Fig. 7. Sequence of operations when gas main Is cut 
to insert branch, gas being ** one way " only, as in 
culs-de-sac of Fig. 6. 


tricts when long-distance transmission is 
inevitable. This mfithod permits the use 
of much smaller mains, and the high 
press UA ' is governed down either at each 
indivia . 1 service pipe or to a particular 
locality by a district governor. In some 
case.*i high pressure feeder mains are super- 
imposed on a low pressure system, in 
order to boost up an outlying part of it 
which has developed rapidly or to an 
extent not originally anticipated. 

Materials Used for Gas Mains. Both 
cast-iron and steel are used for gas mains. 
Cast-iron pipes are to British Standard 
Specification, and are either verticsjly 
cast or spi n. Steel requires adequate 
wrapping as a protection against external 
corrosion. Irrespective of other con- 
ditions — size, length, soil, etc. — steel is 
invariably used today if the internal 
pressure {i.e, the gas pressure) exceeds 
5 lb. per sq. in. Service pipes between the 
main and the consumers’ meters are of 
steam weight wrought iron or mild steel, 
and are either coaled and wrapped to 
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prevent corrosion or are laid in wooden 
troughs and completely submerged in 
pitch. ^ 

Joints. Tlie usual British Standard 
joints — open, half turned and bored, etc. 
— ^are used on main pipes ; while service 
pipes are screwed with the British 
Standard Pipe Thread. In addition, 
welded joints are used ^ 

to a large extent. There 
are many ingenious 
flexible and expansion 
joints for use in special Main 

locations, and new a CoclT 

jointing materials and | C/earino^ 

methods are numerous 3 Tee^’^T 

today. g 

Public Private ^ 

► g ^ 

Property I Proper tij g 


Main 

CodT^ 

Clear ing _j 


yntet OutktX 


^ 2 ::::^ foApoth 


Main^ 

CociT 

Forecourt 


^ Main Meter 


bTfarge' services a 
( jMoin control vo/ve h fitted 


here on public property 
side of service 

GAS : TOWN'S. Fig. 8 . Gas installation in a house 
diagram showing typical method of entry of gas supply, 
with names of principal pvts of installation ; check 
meter at top used only ir it is desired to meter 
separately a part of premises. 

Valves. Although mains arc con- 
trolled by valves at vulnerable points 
such as bridges, it is not the general 
practice to fit many valves on gas mains. 
The ease with which the gas can, if 
necessary, be shut off (by drilling the main 
and inserting a bladder or rubber bag 
and inflating it) obviates the necessity 
for valves. These in practice are seldom, 
if ever, used and call for a considerable 
amount of maintenance service if they are 
to. be workable on the very infrequent 
occasions that they might be wanted. 

Receivers. Gas mains are laid with a 


the water from a broken water main 
entering a broken gas main. One form of 
receiver is so designed that it can be 
purposely flooded to act as a shut-off 
valve. The flooding is confined to the 
receiver and cannot enter the main pipes. 

Service Pipes between Main and 
Premises. The gas undertaking or its 
authorized contractors are alone em- 
powered to lay, alter or remove 
Check service pipe between the gas 

main in the street and ’ the 
meter in the premises. 

^ Where the service pipe 
-3 To App liances is of an internal dia- 
I meter of 2 in. or 

Carcase more, a suitable control 

Pipes valve is fitted in the high- 

way on the main side of the 

private property line and 

its location indicated by 
a surface box cover. This 
Pressure service valve would be 

Point operated at least once per 

Syphon Lea annum by the gas under- 

taking, to ensure its being in 
proper order and condition. 
^eter Service pipes arc, wherever 

possible, laid with a fall from the premises 
to the main. Where this is not possible a 
receiver is fitted at the lowest point in the 
same manner as for the street mains. 

GAS BARREL. Term used colloquially 
for wrought-iron and steel tube as em- 
ployed for gas services and carcass pipes. 
Screwed pipes for domestic services are 
made in three weights — light, medium 
and heavy, correctly described as class A, 
B and C weight tubes respectively. The 
only difference between these tubes •lies 
in the thickness of the strips of metal from 
which they are made (the strips are formed 
into tubular shape and the seam butt- 
welded). Thus, whatever thet“ weight " 
of the tube, the outside diameter ia the 
same in each nominal bore size : the wall 
thickness varies from 8 S.W.G. for Class C 
weight of I in. nominal bore to 10 S.W.G. 
for Class B weight, and 12 S.W.G. for 
for Class A weight. (For a Table of stand- 


Carcase 

Pipes 


Pressure 
^ Point 
Syphon Leg 


“ fall," and receivers are fitted at the ^rd dimensions see page 759.) 


lowest points to collect condensate. Many 
gas undertakings are now de-hydrating 
^ their gas so that no water enters the 
mains or any part of the distributing 
system. It is still customary to insert 
receivers, as they form a safeguard against 
flooding from extraneous causes, such as 


Steam weight is employed for all 
service pipes and for many carcass pipes. 
The I.G.E. * Regulations require its 
exclusive use for services ; and it is also 
employed for alf parts of interior carcass 
which have to be bent in the forge. See 
Pipes : (4) ; also Gas Fitting ; Pipework. 
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GAS FIRES. AIR HEATERS AND RADIATORS: TYPES 

AND FIXING 

By J. Murray Grammer, A.M.Inst.Gas E., A.M.I.H.V.E. 

Heating by Gas is the subject of a later article, under its own heading. The present 
contribution deals with the main types of heating appliance in which gas is the 
fuel. Gas fires of the various types are described, with the appropriate data, 
and other sections deal with flueless heaters. See Gas Fitting ; Heating : (5). 


The general term ** gas fire ” covers a 
gas- heating appliance which gives out 
some of the heat emanating from it as 
radiant heat with visible glow and light 
as distinct from a convector heater, a 
panel heater, an air heater or a background 
heater. 

The gas fire produces warmth in a 
manner similar to that of a coal fire, nearly 
all the heat being emitted as radiant heat. 
Radiant heat {see Heat) travels in rays, 
and a person can experience a sensation of 
warmth if sitting or standing in the path 
of the rays from the fire, even though the 
surrounding air may be cool. The gas fire, 
too, has a cheery appearance. • 

A. TYPES OF GAS FIRE 

Gas fires can be divided into the types 
with flues, having gas rates between 20 
and 50 cu. ft. per hour, and the flueless 
types with maximum gas rates of 15 or 18 
cu. ft. per iiour. Those of the first group 
have radiant efficiencies of over 50 per 
cent., and arc fixed rigidly before fireplaces 
or to specially prepared flues, while the 
second group are generally portable 
heaters and have a radiant efficiency of 
some 25 per cejjt., even 
though the overall ther- 
mal efficiency is 90 per 
cent. 

Flued Gas Fires. The 

flued fires, which are 
the gas fy-es proper, can 
be classif^d according to 
their particular methods 
of fixing. Makers alter 
their designs by varying 
the appearance and the 
setting of their radiants. 

Some fires have tubular 
radiants, others almost 
square ladiants ; and one 
popular make has wide 
flat-fronted radiants each 
unit of* which 
an amount heat 

equal to a i . Kilo-watt 


electric heating element. In some fires 
the radiants are set on an inclined 
brick ; others on a flat, vertical brick, a 
convex brick, or on a concave brick. But 
in all cases the radiant efficiencies vary 
little, although the heat distributions and 
the appearances are affected. Develop- 
ment in gas fire dt^sign is directed to burn- 
ing more gas per radiant at the same 
high efficiency. The effect is to produce a 
greater heat output per radiant and to 
allow a compact 3-unit fire to do the same 
work as the bulkier 4-unit type. Flued 
fires also differ in methods of automatic 
ignition. 

Since 1945 “ non-aerated ” or “ neat " 
jets have been introduced by several 
makers of radiant gas fires. Thermal 
efficiencies remain the same although heat- 
ing up is a little slower. These jets have 
almost completely overcome one disadvan- 
tage of the aerated burner; that is, the 
blocking of the burner teats by '* fluff ** 
which collected under the fender and was 
sucked, with the primary air for com- 
bustion, through file air inlet ports. 

Fi res with these jet burners are very 
easy ’ ' adjust, and thus maintenance is 
reduci I, in fact once the fire has been 
properly fixed there is virtually nothing to 
go wrong. 

Great care in fixing is re- 
quired, however, to see that 
the flames from the 
jets neither come into 
contact with each other 
or touch parts of the 
firebrick and radiants. 
“ Sooting up " w<«uld 
soon occur, so any faults 
in the setting of burners 
or in the luting of the 
firebrick should be cor- 
rected by the installation 
fitter. 

Figs. 1,2 and 3 show vari- 
ous constructions of flued 
fires. The independent or 
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GAS FIRES, AIR HEATERS. Fig. 1. Flued 
fire, independent hearth type, having high 
gas rate and heat output for width ; can 
be turned down to half rate without serious 
efficiency ioss (compere Figs. 2 and 3). 
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semi-independent hearth fires are the 
most popular, since there are no protruding 
nozzles and firebricks, and they can 
placed in front of nearly every type of 
grate opening without fouling the firebars. 
To improve the 
finished appear 
ance oftheinstal 
lation, however, 
the grate opening 
sho^d be shut in 
by a surround. 

This also prevents 
dirt falling down 
and out 
the room. 


Burner Afozz/e 
Mished Reactor 


Fender 


Mixing 

Chamber 




FtueNozzle 


draught up the back of the fire upsetting 
the performance of the burners. 

Panel Fire. This type requires a 
little more work in fixing than the others ; 
existing openings may be bricked up 
to provide an aperture just sufficient to 
take the fire. The panel fire, however, 
produces the neatest and best-looking job. 

Automatic Ignition. Probably the 
most popular method of ignition is by 
means of a serrated steel wheel worl^ng 
against a stationary, spring-loaded flint. 


Rear of Fire 
Brick 


SideiiJ^^ 


Back 

Supporting leg 
Gas Connection 


Ventun Gas Connection 
Mixing 

Thmnt OA8 FIRES. AIR HEATERS, 
inruui. radiators. Fig. a. Seml-ln- 

dependant hearth fire with inclined firebrick and 
radiants ; can normally be treated as independent, 
but incline causes projection around flue nozzle. 
Fig. 3. Inset hearth fire suitable for existing fireplace; 
ventilation depends on c^no;^ of grate into which 

Other types of flued fires are the 
independent convector* fires, which stand 
forward in front of a surround and which 
are so designed as to allow air to flow 
in at the base, over the heated surfaces, 
out through slots in the top of the 
fire, and into the room again. Another 
semi-independent fire is designed with a 
low front casting so that it is suitable 
for fixing^ in front of “Devon" grates. 


Side Pillar 


Firebrick 


Radiants 


, Burnet 
Nozzles 

^\fender^ 

I Conceding 
ill Fiintlgnker 


Burner 


Control 

Cock 


\knturi Pressure Gas 
Mixing Control Inlet 
Throat 


The general practice is tt) allow a strong 
spring to be wound or set in compression as 
the gas control tap is turned on. Thtfn, 
at the “ full-on " position, the spring is 
automatically released, when it turns the 
serrated wheel sharply against the flint to 


inset Fire. Inset fires depend upon 
suflicient space being left in the grate 
opening to take the whole of the 
firebrick and burner portion of the fire. 
When fixed to an opening cut in a 
surround, a complete front casting 
employed ; but when stood right into an 
existing fireplace the strength of the fire 
depends upon its side pUlars alone. 
Tbis latter fixing provides a very neat 
job, but care must be taken to seal the 
space at the top between the back of the 
firebrick and the face of the original fire- 
place with Purimachos or some other 
fireclay material. T\is is to prevent a 


produce a spark. The 'spark flights an 
adjacent by-pass which in turn ignites the 
gas at the main burner of the fire. The 
flint igniters are robust, and mechanical 
defects do not occur very often. The only 
maintenance necessary is the renewal of the 
flint, once every year or eighteen months. 

The two other methods of automatic 
ignition employ a platinum catalj^t to 
ignite the gas. The earlier type requires a 
small electric dry battery to provide a 
current to warm^the platinum wire and 
so increase the .speed of the reaction 
between the hydrogen in the gas and the 
oxygen in thi^ air (the hot catalyst method) . 
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The SMond type (cold catalyst method) gas supply itself to be entirely out of 
employs the finely divided form of sight, and in many new houses concealed 
platinum known as platinum black, in fire points are left in the centre at the 
addition to the platiniun wire. Even at bottom of the grate. This method often 
normal temperatures oxygen and hydrogen, does away with the union cock as an 
if in the right proportions, begin to bum additional contrcd to the cock on the fire 
on the platinum black. The heat from itself, but in small houses and flats, where 
this initial combustion then warms the it is easy for the gas to be turned ofl at the 
platinum wire, and the ignition of a larger meter before maintenance work or altera- 
mixture takes place and flashes to 

the main burner. DropFan Union Cock 

The •• cold catalyst " is prefer- conr^eting / . Flex Socket 

able for gas-fire burners, and a ^ // a ^ ciL 

correctly set fire wiU light up within 
three seconds of the gas being ^ 

turned on. But a damp catalyst, 

a poorly adjusted burner, or a badly Ketb 

fitted fire le.g. no luting to prevent gas fires, air heaters, radiators. Fig. 4. Method of 
draughts up the back of the fire- independent of fire. (See also under Plug-and-Socket.) 


B/'qss tube connecting 


Dropfhn Union Cock 
/ NoS. FlexSocRet 

/^^Flangpd Elbouu 


brick) will cause delays in ignition 
and sometimes complete failure. Care in 
fixing ajid adjustment of cold catalyst 
fires is therefore essential. The electro- 
catalytic igniter or ‘‘ hot catalyst " serves 
very well, but defects arise through faulty 
elecuiCa* contacts, short circuits and 
over-gassing of the by-pass jets. All 
three types are on the market. 

B. FIXING GAS FIRES 

The standard method of fixing a gas 
fire is to stand it before the existing grate 
(preferably filled in with a gurround) and 
to make the gas connexion to it in brass 
tubing. The gas supply generally passes 
through the floor on the right-hand side 
of the fireplace with a i-in. stub nipple, 
and to this a br^s flange elbow is screwed 
and then fastened to the floor. To the 
horizontal male thread of the flange elbow 
is screwed a brass union cock. The brass 
tube to the fire is then shaped and screwed 
into the fire, and connected to the cock 
by means of the union. For maintenance 
purposes /i etc., the ease with which the 
union and fire can be disconnected is a 
great advantage. 

Where a coloured or 

decorated fire is installed, 
chromium - plated tubing ™ 

and fittings should be used. i 

The best finished jobs are I 

obtained by chromium- Batten ^1 
plating the brasswork aftel: I 

it has been set and screwed 


inserting flex socket on gas flre supply to provide plug-in point 
independent of flre. (See also under Plug-and-Socket.) 


tions take place, this is not a serious 
matter. If an extra control cock is deemed 
necessary, then a union cock of the type 
with double unions (to enable easy re- 
moval for greasing, etc.) should be fitted 
under the floorboards, and a floorplate 
fitted flush to the boards should be in- 
serted over it. 

Plug-in Points. Although several 
types of gas fire can be fitted with pedestal 
boiling burners or even conccalable boiling 
burners, it is sometimes dc.sirable to pro- 
vide a plug-in point on the fire supply 
itself so that a ring or other portable 
appliance can b(^ used irrespective of 
whether the cock to the fire is turned on 
or n'*t. Fig. 4 shows how a socket for 
a pit. in connector can be inserted on the 
supply : the flex socket can pass gas 
whether the union cock to the gas fire is 
turned on or off. The union cock is of the 
safety drop fan type, which cannot be 
turned on until the fan of the cock is 
lifted from its horizontal position to a 
vertical position. [See Plug-and-Socket ) 
Surrounds. Some years ago if a sur- 
round were fixed at all it would consist 
only of a comparatively 
• thin sheet of iron sert^ed 
directly on to the casting 

of the fireplace itself (many 

Jmbd of fho older grates are of 
^'fireplace cast-iron), or else on to 
vertical and horizontal bat- 

-J — tens wedged between the 

e hearth and mantelshelf and 


together to its con%ct hearth and manteisneii ana 

•;haDe In anv circum- Fig. 6. Fire iurround to cover fireplace the jambs, respectively, 
bnape. 111 any i ABMinor : surround screwed to wedged- T^ro_ 

stances it is best for the 


opening : surround screwed to wedged- 
up wood battens. 


The sheet iron did not pre- 
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sent a pleasing appearance, especially as 
the fire and surround were generally 
painted black,* and in time rust spots 
would show through on the sheet iron. 
The latter was also an unpleasant material 
with which to work, and if fixed too rigidly 
would buckle during temperature changes 
caused by the lighting and extinguishing 
of the fire. 

The next common material to be em- 
ployed for cheap surrounds was the 
asbestos-cement sheet. This is still used 



QAS FIRES AIR HEATERS, RADIATORS. Fiff. 6. 
Rear of panel fire let into specially constructed 
opening, showing rigid vertical bar and cross member 
built into brick sides. 

extensively today, and like the sheet iron 
is shaped and then screwed on to wooden 
battens. Like sheet iron, it has the ad- 
vantage of being incombustible. Care 
must be taken in working it for fear of 
cracking or disfigurement. If a coloured 
finish is be given to the surround, 
a good “ sealer " coat should go on before 
applying the undercoat and the final 
finish, otherwise a blotched effect will be 
produced. 

Xhe best surface for colouring is that 
of the panel boards and other made-up 
compressed sheetings, which provide a 
fine glossy surface for painting. Panel 
boards can be cut very easily to size of 
the grate opening. They are screwed to 
battens as are the other materials, -but 
require less support. The main objection 
to them is tW they are not incom- 
bustible. 

Metallic finishes on fives with surrounds 


to match provide another arrangement. 
The method of fitting the surrounds is to 
set up five pieces of sheet metal in the 
same finish as the fire, causing them to 
overlap, the centre one being fitted above 
the flue nozzle of the fire. The outer edges 
of the five pieces are screwed on to wood 
battens, but where the overlapping takes 
place inside the area covered by the 
fire casting, the pieces are bolted together 
for rigidity. 

Tiled surrounds which are normally 
installed by builders are generally stocked 
already made up in standard sizes, but 
more elaborate t5rpes in marble, glass, etc., 
would be made up to order. 

Panel fires demand openings of fixed 
and predetermined dimensions, very often 
plaques are supplied to be let into the 
face of the wall or chimney breast, 
providing an exact opening and a good 
support. The general method of arranging 
the main support is by means of a rigid 
cross member let into either side of the 
brick opening. Fig. 6 shows one such 
application of this method. 

C GAS FLUELESS HEATERS 

Besides the flueless gas fires (mostly 
of the portable type) already mentioned, 
there are three further types of flueless 
heaters in common use: air heaters or 
convectors, gas radiators with some 
radiant heat,*and radiant panel heaters. 

Convectors. The convector type was 
» the first to be used extensively, and 
normally consists of a cast-iron body 
divided into two sectiong. Gas is burned 
freely in a comparatively large combustion 
space at the base, entraining air which, is 
warmed and travels up one half of the 
appliance and down the other to an outlet 
at the base or side of the heater. The 
heater is designed to pass warm air 
out into the room and also to encourage 
outside air to flow over its heateS surfades, 
thereby setting up warm convection 
currents in the room itself. The surface 
temperatures on a good type of convector 
should compare with that of a hot water 
radiator. 

Normal gas convectors are designed for 
lise in flueless rooms, corridors, shops, etc., 
but the number of ' appliances and gas 
rates (gas rates range up to about 20 cu. 
ft. per hour, 509 C.V. gas) should be 
determined by the ordinary heat loss 
calculations. An overall efficiency of 
90 per cent, may be assumed. 
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Free-standing convectors are generally 
mounted on asbestos-cement slabs, and if 
in public buildings are made rigid by 
distance pieces and brackets between the 
tops of the heaters and the walls. 

Special wall fixing convectors known as 
" Background Heaters " can be fitted with 
integral fixing pieces to the walls of the 
room remote from the fireplace, 
and in the smaller sizes can fit 
into the usual radiator position 
(i.e, beneath the windows). 
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wire element or an ordinary fireclay 
radiant, but gas rates are generally limited 
to about 20 cu. ft. per hour maximum. 

The radiators, generally free-standing, 
are fixed like the convector heaters and 
are for use in shops, offices and flueless 
rooms in domestic premises. 

When fixing flueless gas appliances in 
habitable rooms there are 
three factors which should 
be borne in mind : 

(i) The heater must satisfy 
the combustion requirements as 
laid down by the B.S.I. 


flue Outlet 
Baffle Ptati 
frtmt Grill 


Heat 

fxchanger 


front Grill 
Peflector 


Governor Throttle 


GAS FIRES, AIR HEATERS. RADIATORS. Fig. 7. 
Small Background Heater," convector to be fixed on 
wall as supplement to other heating ; approved gat 
rate, 4 cu. ft. per hr. ; heating output approximately 
equal to a 6-loop hot-water radiator. Fig. 8. Flueless 
free-standing radiator giving over 25 per cent, of its 
heat as radiant heat ; approved gas rate 18 cu. ft. per hr. 

Background heaters (Fig. 7 shows a small 
type) arc only intended to warm up the 
air and the remoter parts td such a tem- 
perature that the addition of heat from a 
solid-fuel or radiant fire would soon bring 
up the room to full comfort conditions. 

Gas rates, as Igw as 4 and 6 cu. It. per 
hour per heater, require the simplest of 
burners and controls. The supply can be 
run in yV copper pipe along the skirting 
board, so that the heaters can be installed 
with a minimum of distur- 
bance. 


(2) The gas rate must be re- 
lated to the room size. 

(3) The room ventilation must 
be adequate. 

Point 3 means firstly that 
in no circumstances must a fluek'ss 
heater be fitted in a room which 
has neither air brick nor flue. The 
Table below summarizes the mini- 
mum requirements of room sizes, 
ventilation and gas rates lor flueless 
heaters using 500 C.V. gas. 

Radiant Panel Heaters. Designed 
to emit as much heat as possible by radia- 
tion, although the source is not visible. 
They must not be confused with hot water 
or steam panels which oj)eratc at much 
lower temperatures and require even 
larger surfaces. 

Concentrated high temperature radia- 
tion is avoided by dispensing with the 
elements and radiants, and having in- 
steaa large black matt surface of much 
lower .• v erage temperature. 

This provides a more even distribution 
of heat although the source is not 
visible. Soon after lighting up, persons 

VENTILATION AND GAS RATES 


Gas Radiators. The old- 
fashioned type of “radiator" 
has been superseded by a 
type of air heater. {See also 
under Radiator, Gas-heated.) 
Modern gas radiators with 
some radiant emission (Fig. 
8 is a type which emits 
more than 25 per cent, of 
its heat as radiant heal) 
provide a more cheerful ap- 
pearance than the air hqat- 
ers. The radiai t elements 
consist either of a nichrome 


Type of Room 

Minimum 

Bri( 

(Free 

Size of Air 

:k* 

area) 

Max. Gas Rate 
Permissible 
(Per 1,000 cu. It. 
room space) 

Not ot abnormally 
tight construction 
Ditto. 

Tight construction 

Any type 

Brick to 
Outside aiA 
no flue 

Brick to 
inltTiial 
landing, 
no flue 

5 cu. ft. /hr. 

10 

5 

10 cu. ft. /hr. 

10 sq. in. 

20 „ 

20 „ 

20 sq. in. 

40 „ 

40 „ 

Room with normal Flue 
Min. flue 20 sq. in. free 
area 


*Air bricks sliould be of such a design, e.g. louvred, that they cannot 
readily be blocked up by t)|e occupant. 
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in the room feel the comfort effect of 
radiant heat even though the actual air 
temperature may be comparatively low. 

The heat transfer is generally effected 
by passing the flames and hot products 
between an inclined firebrick and the 
black-faced front panel. This means that 
the ray of heat becomes a downward one 
(say at 45 deg.). Radiant panels have the 
advantage of wall fixing or suspension 
fixing, thereby taking up no floor space, 
and are popular in such places as schools, 
factories, churches, halls, restaurants, 
shops, etc. As the heaters are designed 
on the whole for these large premises, 
gas rates go up to 25 cu. ft. per hour, the 
radiant efficiency being 40 per c^nt. 

Fig. 9 shows a wall-fixing type with 


GavBrnQr forward Flue exit 


Pressure 

Control 

Screw 

Pressure - 
Test Point 



Distant 
Control Sti/itch 
Cock 

Inlet \ Q .i ^ 

?/» Cock Burner 


Firebrick 
Black Fhnt Pane! 


Cock Jets 

GAS FIRES, AIR HEATERS, RADIATORS. Fig. 9. 
High temperature radiant panel heater, wall pattern, 
with own bracket, weighing 84 lb. ; approved gas 
rate 25 cu. ft. per hr. ; correct pressure at test point 
0.9 ins W.Q. ; radiant component 40 per cent. 


an integral bracket but other types are ' 
wedges or bowls for central suspension. 
The normal fixing height is 9 ft. from 
the floor to the bottom of the panel ; 
hence it is advisable to fix cable switches 
of the Newbridge type for easy control. 

GAS FITTER. The work of the gas 
fitter mav be included in Specifications and 
Bills of Quantities as a provisional sum, 
although the Quantities are sometimes 
worked out. Information to be included 
in a typical Specification is given below. 

General. The contractor required to 
carFy out all work described,*leaving the 
system in complete working order, and to 
be responsible for maintenance for six 
months. The contractor to make all 
necessary arrangements for the supply and 
for the necessary connexions to mains. 

Mains Connexions and Meters. Method 
of tapping mains described — ^junctions, 
size of pipe — all to be done to the satis- 
faction of the Gas Bos^d. A gas-control 


cock to be installed in position indicated. 
Type of meter or meters, positions, and 
fixing must be given. 

Piping. Describe material and finish 
of pipes and all joints, methods of making 
joints, lengths of pipe and diameter of 
each length, use of bends, elbows, tees, 
angles, crosses, nipples, brackets, couplers, 
caps, plugs, wall hooks, clips, bends, etc. 
No item to be omitted. Layout of pipe 
with points and cocks shown on plans. 

Siphon Box, Governors, Control-Cocks, 
By-pass. Each to be provided by con- 
tractor and fixed where and as directed. 

Fittings. All fittings to be provided 
and fixed by the contractor, must be fully 
described and their fixing detailed. 

Painting. All pipes and fittings re- 
quired to be free of rust. Kind of paint 
and number of coats to be specified. 

Testing. All parts of the system to be 
thoroughly tested by methods specified, 
and all work to be to the satisfaction of 
the inspector of the Gas Board. 

Internal Installation and Making Good. 
Instructions must be given under Car- 
penter for Internal Installation, and under 
Carpenter, Bricklayer cutting away. Plas- 
terer for making good. 

B.S. and Codes of Practice. The follow- 
ing B.S. and Codes of Practice Nos. 331, 
332 and sub-Codes deal with gas flue 
pipes and fittings, plug and socket con- 
nexions for portable appliances, pipes and 
fittings, copper tubing and tubulars, meter 
and gas appliance installations : Nos. 567, 
715, 143, 617, 1043, 570, 602. 659, 864, 
1401-3, 1387, 1396 [see Sirpplement, Vol. 3). 

Fire Precaution. No pipes for gas to 
be used as an electric earth. 

Lighting. For gas lighting, layout is 
shown on plan and method of switch 
control indicated ; details are given of 
all materials used, positions of hghts and 
switches, and all connexions. For high- 
pressure gas fittings and lamps special 
mains and branches must be shown on 
plan if supply comes from Gas Board, or 
description be given of high-pressure plant 
to be installed. 

Heating and Hot Water Supply. Full 
^description of apparatus and layout of 
gas pipe is necessary. Built-in flues 
specified undef other trades, but flue 
connexions, runs, and vents given here. • 

Cooking, etc. ]^rovision for installation 
of cookers and any special apparatus, as 
in a laboratory, specified. 
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GAS FITTING; OUTLINE OF PRINCIPLES & METHODS 

By It N. LeFevra, M.lnst.Gas E., A.M.I.Mech.E. 

Though detailed information on gas fitting would lie outside the scope of this 
work, it is desirabie to inciude notes on the basic principies and methods : the 
foiiowing contribution offers such notes with speciai application to the work of 
the plumber and heating engineer. See Gas ; Gas Fires ; Heating. 


The great developments which have 
been made in the design of gas appliances 
in decent years, coupled with the increased 
applications of gas both for domestic and 
industrial purposes, have resulted in a 
complete change in the technique of gas- 
fitting practice. In addition to possessing 
a complete knowledge of pipework and 
modern installation practice, those con- 
cerned with the fixing and maintenance 
service of gas appliances must possess a 
thorough understanding of the basic prin- 
ciples of gas utilization in order to ensure 
that appliances will be correctly adjusted 
and will continue to function satisfactorily. 

Methods and materials used in gas 
fittin;: work vary from place to place, 
according to local conditions, but the 
following notes give a general survey of 
what is generally accepted as the best 
practice throughout the country. The 
British Gas Industry has recently stan- 
dardized this branch of its activities, and 
full details of the correct practice regarding 
the installation of gas aj^pliances and 
pipes are laid down in the British Standard 
Codes of Practice for Building, Nos. 331 
and 332 and sub-Codes, and also the 
** Post-War BuiMing' Studies " No, 6, Gas 
Installations. Tiie last-named, a publica- 
tign of the Mini.stry of Works, 1944, was 
the Report of the Gas Installations Com- 
mittee convened in 1942 by the Institution 
of Gas Engineers. It covers Service 
Pipes, Internal Installations (Pipes, 
Meters, Appliances) and in appendices, 
brief spe?ifications of 23 appliances for 
one-family dwellings and “ bottled " gas 
installations. 

Where applicable, references to these 
recommendations are included in the 
following notes. 

Local considerations of gas supply and 
distribution may require local by-laws 
and regulations, about wj;iich full details 
will be furnished by the Gas Board on 
demand. ^ In addition, the statutory regu- 
lations of the local authority often embrace 
certain requirements with regard to gas 
installations and equipment — as. for ex- 


ample. in the Administrative County of 
London, where the provisions of the 
London Building Act, 1936, with regard to 
fixing gas appliances must be closely 
observed. 

Fixing of Meters. Meters must be fitted 
plumb and dead level. The small types 
are usually .securely connected by means of 
lead inlet and outlet pipes and brass 
unions. Large meters are best connected 
direct in iron or steel tubing. All meters, 
wnether primary (i,e. measuring all the 
gas used on the premises) or secondary 
(t,e. check meters recording the gas used 
in a flat or other separate part of the 
premises) must be provided with a 
separate gas control cock. 

The control cock should always be in an 
accessible position, and located on the 
service pipe as close as possible to the 
inlet connexion to the meter. The ccj^^voi 
cock should be fitted so that no pkrt of 
it is less than ^ in. clear of the wall or any 
other obstruction. If the cock has a 
detachable key, it should be securely fixed 
to the spindle or plug by means of a 
grub screw or splif pin, so that the key is 
available for use when required. 

By- massing Gas Meters. Where the 
undcx aking decrees, it may be necessary 
to provide the meter with a by-pass to 
enr^ble gas to pass direct to the appliances 
without registration in the event of the 
meter stopping. This practice is usual on 
large meters supplying gas far central 
heating or for industrial purposes, and on 
all meters to such premises as hospitals. 
By-passes incorporate inlet, outlet and 
by-pass valves, the latter being secured 
in the “ off,” position by a locking deyice 
which is sealed by the Gas Board. In 
the event ot emergency the consumer may 
break the seal and open the by-pass valve 
provided he notifies the undertaking that 
he has done so. An estimated con- 
sumption is readily obtained for the period 
during which the meter has been on 
by-pass. 

Pressure Points on Meters. Most 
undertakings now insist upon the inclusion 



GAS 


FITTIN^ 


of a plugged point, teat cock, or special 
pressure nipple on the outlet of all meters. 
The point permits of the ready attachment 
of a pressure gauge for testing purposes 
when required. 

Where the meter concerned is used for 
registering gas in order to arrive at the 
basis of charge for the gas used, no work 
may be done without the authority of 
the Gas Board, which must also be per- 
mitted to supervise the work and approve 
the position, size and method of fixing 
and connecting such a meter. 

Position of Meters. Primary meters 
should be fitted so as to be as close to the 
main as possible but within the external 
wall of the main building of the , remises. 
In certain cases, however, it may be 
preferable to house the meter in a specially 
constructed meter house or other suitable 
accommodation for the location and 
suitable protection of the Board's 
property. This is frequently done in 
factories and similar buildings, where 
fitting . the meter in a special housing 
near the private property line obviates 
having an unduly long run of service 
pipe on the inlet side of the meter. The 
outlet pipe may then be altered as desired 
by the consumer without reference to the 
Board. 

Meters must be so fixed that neither 
they nor any of the connecting pipes 
shall be in any danger of coming into 
contact under any circiftnstances with any 
electrical conduits, electrical apparatus or 
metallic conductor. The Regulations of 
The Institution of Electrical Engineers 
also contain clauses referring to the 
proximity of electrical conduits and fittings 
to gas pipes and fittings. Where adequate 
air space is not available some satisfactory 
form of iusulation must be provided. 

Meters should not be fixed in such 
locations as will subject them to heating 
or wide extremes of temperature, since 
their registration will be affected and their 
livQg shortened by either extreme heat or 
extreme cold. \^ere a meter has to !)e 
fitted at floor level it must be raised on 
blocks or battens clear of floor and be 
adequately protected against damage. 

* In the Codes of Practice No. 331-102 and 
Post-War Building Studies No. 6 the 
following locations for gas meters are 
specific^y prohibited : 

(a) Immediately above any heating or cooking 
appliance. 


(b) In the open. 

(c) Under draining boards, or display slabs in 

butchers' shops, fishmongers’ shops and 
similar establishments. 

(d) Against damp walls. 

(tf) In any position in which the meter is 
likely to suffer damage or be exposed to 
adverse conditions likely to affect its 
accuracy or safety. 

Internal Installation Pipes. Al- 
though compo pipe is still in use in many 
parts of Britain and possesses many 
advantages, it is usual to instal in buildings 
either wrought-iron or mild steel pipe. 
There is now a tendency to use copper pipe 
(British Standard Light Gauge) for the 
purpose, and many gas undertakings 
favour its adoption exclusively. Ferrous 
pipe and fittings for use with gas must 
be tested by the manufacturers to an 
internal pressure of 100 lb. per sq. in. 
while submerged in water ; and non- 
ferrous pipe and fittings must withstand 
a pressure of 100 in. water column (approx- 
imately 4 lb. per sq. in.) while similarly 
submerged. 

f 

Joints. The threads of all pipes and 
fittings are screwed British Standard Pipe 
Thread and must be gas tight when made 
with a suitable jointing compound. If 
taper-taper threads are used, no hemp or 
other packing is necessary but is, in fact, a 
preventive to the making of a sound joint. 

For copper pipe either capillary soldered 
or compression joints may be used. 
(See Pipe : (4).) 

Size of Internal Installation Pipes. 

If satisfactory service is to be obtained 
from gas appliances coupibd with economy 
in first costs of installation, it is imperative 
to select the correct size of pipe for eabh 
particular purpose. The reader should 
refer to the article on Estimating for Gas 
Fitting, where a table of sizes is given 
(page 368). Since the gas rate forciny given 
appliance is known, it is a simple matter, 
with the aid of the table, to ascertain 
the size of pipe suitable for the length of 
the run to the appliance. Pipes must be 
sufficiently large to carry the anticipated 
load with a loss of pressure not exceeding 
one- or two-tenths of an inch water gauge. 
On the other hand, there is nothing to be 
gained by fitting pipes larger than neces- 
sary, as the cost of installation will be 
inflated and other work — cutting away, 
making good, etg. — increased propor- 
tionately. For similar reasons the size of 
meter also should be very carefully chosen. 
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Testing for Soundness. After com- 
pletion the internal installation must be 
perfectly sound when tested with air 
under pressure. Testing is carried out by 
sealing all points except one to which is 
attached a tee-piece carrying a cock at 
one outlet and a 
water gauge at the 
other. Air is then 
pumped into the in- 
^ stallation and the 
cock closed. After 



•' ^ i 

I V-/ ' 


> f \ lei M 

GAS FITTING. Fig. 1. Flush plug-in connector in 
skirting board for portable gas appliance (vertical 
cross-section and front elevation). Hole P is cut in 
skirting board H and hole O in floor board N ; plaster L 
and brickwork *A are cut away slightly ; gas supply A 
connected to plug-in socket K via elbow B, short 
tubing C and union D ; metal plate E covers P, is 
held to socket by screwed milled rings F and G, and 
secured to skirting by wood screws. 

• 

allowing 5 min. for adjustment of temf)er- 
aturc, the prc.ssiire in the internal installa- 
tion must remain constant for a p» riod of 
at least a furtlier five minutes. The c'ual 
test pressure in (J-in. water gauge, but in- 
dividual engineers may require a higher 
te 5 t pressure and/or a longer time for test. 

Portable Appliances. Tn recent years 
there has been a marked increase in the 
popularity of portable gas appliances 
(heaters, irons, pokers for igniting solid 
fuel fires, •and boilers, wash-boilers, etc.) 
and much attention has been given to 
providing safe ana effective connexion. 

Metal nose or teat cocks and similar 
fittings to which rubber push-on con- 
nexions can be attached should 1 be 
used unless incorporated with a suitable 
safety device. The correct method is to 
fit a control tap of the bayonet type 
complying with British Standard Specifi- 
cation Np. 570. There^are five types of 
this fitting, each of which is suitable for 
a particular me 1 hod of fixing ; between 
them they cover all possible arrange- 


ments required. The fitting takes the 
form of a socket attached to the rigid 
pipe and securely attached to the wall, 
skirting board or floor in the same 
manner as an electric plug-point. A plug 
is attached to the end of the flexible 
tubing, and acts as a key in that it is 
impossible to obtain gas at the socket 
unless the plug is inserted and turned. 

All flexible tubing used for gas should 
conform to Briti.sh Standard Spccifu:a- 
tion No. 669. It should be provided with 

both ends screwed so that the proper 

f connexion may be made both to the 

i j)ortablc appliance and the plug. 

Fig. I shows details of a j)lug-in con- 
nector for use as a flush fitting to skirt- 
ing boards. The other types are inter- 
changeable with this, but are for sur- 
face fixing. 

p Connexions to Appliances. Gas 

connexions should, where possible, be 
concealed. This is a simple matter 
in new premises if the runs are care- 
fully planned and the location of the 
ap])liances (h'termined beforehand : and 
— if those responsible for the gas fitting 
work in collaboration with the other trades 
concerned. A good example of this co- 
operation is afforded by the neat fitting 
of a panel gas fire which can result if 
the fitter, bricklayer and plasterer work 
together on the job. The fitter runs liis 
su])ply in behind the fire opening before 
the cradle is filled in. Tlie bricklayer 
builds tile lire opening to the dimensions 
requii, I for the fiiT. The fitter fits his 
fire ai surround, and liiuilly the hearth, 
if any, is filled in and the plasten'r 
finishes off around the plaque. (Fig. 2.) 
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■ * ’ ■ ■ ' ' ' ' ' ■ ■ ' ■ b - F'B-2- Typical panel 

^ , eas Are installation, 

.. showing method of 

ply. Brickwork A is built up, leaving an opening B 
to the dimensions of the frame of the fire. Gas supply 
is run In ^-in. tubing, slipped through a sleeve of 1-in. 
pipe under hearth, and taken up to D. Thus supply 
pipe can be withdrawn if necessary. Gas Are is 
eventually Atted to the frame in brickwork and con- 
nected to supply pipe through a hole in the back of Are. 




Provision of Flues. It has already 
been shown that the need for flues is 
determined by^he gas consumption and 
period of use of any particular appliance. 
With space heating appliances it must be 
remembered that the normal type of gas 
fire is designed to promote ventilation 
in the room in which it is fitted, and must 
therefore invariably be fitted with a flue. 
For water heating appliances the follow- 
ing rules should be adhered to if it is 
desired to avoid the production of un- 
comfortable conditions in the room. 
Flues are necessary with : 

1. All bath heaters of the rapid, instantaneous 
type. 

2. Storage heaters rated higher than 15,000 
B.Th.U. per hour. 

3. Central heating units and boilers. 

4. Wash-boilers, washing machines and similar 
appliances rated higher than 20.000 B.Th.U. 
per hour. 

3. Any appliance fitted in a bathroom for 
heating water for a bath which has burners 
generating more than 500 B.Th.U. per hour per 
35 cu. ft. of room space. In addition it is neces- 
sary in such cases to provide additional ventila- 
tion to the outside of the room by means of a 
shaft or aperture having an unobstructed 
sectional area of not less than 13 sq. in. 

Size of Flues. If a flue is intended 
solely for a gas appliance, it is necessary 
to dimension it only to the actual ven- 
tilating requirements, since no soot will 
be formed. The following rules may be 
taken as a safe guide to the sizes of gas 
flues of all types : 

1. On gas appliances, the cross sectional area 
of the flue should not be Jess than that of the 
flue spigot of the appliance. 

2. With gas fires intended to ventilate the 
room, the inlet area of the flue should not be 
less than 20 sq. in. 

3. The minimum flue sizes for gas fires are 20 
sq. in. for rooms up to 1,000 cu. ft., 30 sq. in. for 
1,000-1,500 cu. ft., 40 sq. in. for 1,500-2,500 
cu. ft., and 50 sq. in. for 2,500-3,500 cu. ft. and 
the minimum dimension of any cross section 
should not be less than 2I in. 

4. No flue should oe less than 2 in. minimum 
dimension in a horizontal section. 

GASKET. A type of packing used on 
flange joints. The gasket is inserted be- 
tween the flanges, and they are then 
drsgvn together hy means of number of 
bolts. The gasket may be of various 
materials, depending on the liquid or gas 
the pipe is required to. carry. The most 
common are rubber, asbestos, and metallic 
' lead. For high pressure, corrugated metal 
joints made of brass are most satisfactory. 
When fixing gaskets, both sides should be 
smeared with red lead or other jointing 
compound, the faces of the flanges should 


be painted, and the joint screwed up. 
Metallic lead should be used only when 
the flanges have ground faces. See Joint. 

GASKIN (or Yarn) A type of soft rope 
made of hemp, loosely twisted together so 
that it may be rammed down solid into a 
socket of a pipe if required, or easily unrav- 
elled to make j pints in screwed pipe. It may 
be obtained in two kinds : the ordinary 
plain yarn, or tarred yam. The ktter is 
prepared by steeping in a solution of 
Russian tar until it is saturated, and then 
allo\inng to dry. Yarn is used for a 
variety of purposes by plumbers. It is 
placed at the bottom of soil pipe sockets 
to prevent the molten lead running in the 
pipe ; or at the joint between the earthen- 
ware drain and the soil pipe, to prevent 
the cement running into the pipe. Un- 
ravelled hemp is wrapped round the thread 
on wrought-iron tubes before the jointing 
compound is applied. See Joint: (2). 

GAS POKER. A specially adapted 
bunsen burner used for lighting fires. 
It ^consists essentially of the injector, 
sun-ounded by a wooden handle, and the 
blade. The latter is a round or somewhat 
flattened tube, pointed and closed at one 
end for easy insertion into the firebed 
and screwed at the other for attachment 
and replacement. Along the length of the 
blade there are transverse saw slots or 
a double row of holes from which the gas 
and air mixtflre issues and burns. The 
poker is connected to the gas supply by 
a flexible metallic tube. 

When used for lighting open fires, fuel 
is heaped on to the gr^te; the poker, 
previously lighted, is inserted into the 
bottom of the fuel bed and left till ignition 
of the fuel has taken place. Similarly, 
when used for lighting coke-fired boilers, 
coke is placed in the boiler and the 
lighted poker inserted in the lighting 
hole (if one is provided) or fitherwise 
into the bottom of the fuel bdfl. It -is 
generally necessary for the poker to re- 
main only for ten minutes or so, according 
to the kind of fuel in use, before ignition 
of the fire is far enough advanced to be 
rendered self-supporting. The gas con- 
sumption is usually of the order of 
"25 cu. ft. per hour. 

GEYSER, ^e Hot Water Supply ; (4) ; 
Instantaneous Gas Water Heaters. 

GLAZIER. In^ addition to windows 
and door panels the glazier may be called 
upon to nx internal glass tUes, external 
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wall facing, or to build walls of glass 
bricks. The instructions included in a 
specification will, of course, have to 
include every part of his work, and in 
each section the materials, methods of 
glazing and workmanship required must 
be given in detail. If it is desired to 
use all British glass, the following clause 
has been suggested : ** All glass is to be 
of British manufacture, of the type, 
quality and thickness required by the 
architect. The glazier shall, if called 
upon, produce invoices to show that he 
has bought the glass from the manufac- 
turers either in the form of cut sizes or stock 
sizes for cutting up in his warehouse.'* 

Types of Glass. The thickness and 
quality of sheet and plate glass and the 
surface required for plate glass must be 
stated, as well as the sizes of pane for 
each position. It is sometimes required 
that samples be shown to the architect in 
advance. Figured and textured glass is 
specified by name, and it is advisable to 
state "vbether the panes are to Am 
horizontally or vertically. Special glass 
such as wired glass, coloured glass, “ Vita" 
glass, must be described in such a way 
that there can be no mistake about the 
quality, si/^e, or characteristics required. 

Glazing. The following instructions 
should be given : type and use of putty ; 
description of any special fnsulation re- 
quired against temperature changes or 
noise ; making of butted edges ; use of 
wood and metal beads ; edges of plate 
glass to be blackqped, and the glazing vt all 
door panels to be bedded in wash leather 
or india-rubber. All glazing that is of the 
same size, of the same glass, and carried 
out in the same way is specified together ; 



but special glazing such as leaded lights, 
patent roof glazing, electro-copper glazing, 
stained glass, pavement lights, etc., must 
be specified each under separate clauses. 
A schedule of all glazing to be done, with 
positions shown on plans, is included. 

B.S.S. No. 544, " Linseed oil putty 
(Types 1 & 2) for wooden and metal 
frames." 

GLOBE TAP or Globe Cock. A 

variety of tap used chiefly for baths. 
The union is on one side of the globe, so 
that the supply pipe enters at a right 
angle to the tap. The valve, globe and 
nozzle of the tap are in a vertical line. 
This type of tap is unsatisfactory for 
sinks and basins, as there is little clearance 
between the wall or side of the sink and 
the tap. (See Tap.) 

GREASE TRAP AND GULLY. A 



GREASE TRAP. Fig. 1. 
C.i. grease trap suitable 
under sink, 18 in. x 12 in. 
X 12 in. ; 2-in. inlet and 
outlet ; w.i. sediment pan. 
Hum Hroa. Ltd. 


special trap or gully to intercept grease, 
necessary where large quantities of grease 
(as from wash-up 
sinks) would other- 
wise enter the 
drain, to congeal 
and probably clog 
it. The trap should 
be manufactured 
of glazed stone- 
ware, cast-iron, 
concrete or other 
suitable material, and be fixed between 
the sink or sinks and the drain, in a 
readily accessible position. 

Th:* grease contained in the discharge 
from e sink is congealed by the cooling 
action f a sufficient quantity of water in 
the trap. A galvanized and perforated 
tra;, should be fitted to or in the bottom 
of the grease chamber, with one or more 
handles long enough to reach above the 
water level, so that the congcated grease 
may be periodically removed as required. 
This is done by lifting out the tray. The 
outlet is below the perforated tray, so 
that no solid matter can pass into the 
drain. The^ top of the grease chamber 
should be made airtight with a sealed 
cover, and be ventilated into the open 
air to prevent obnoxious gases from enter- 
ing the apartment. Access to drain is by 
an inspection eye with screwed plate. 

Grease Gullies. Gullies for use in 
conjunction with an automatic flushing 
tank, are provided with flushing rim and 
connexion for flush pipe. Discharge from 
the tank bi'eaks up the congealed grease 
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and carries it in a 
congealed condition to 
the drain. The flush 
also cleans the gully 
and flushes the drain. 

— W. J. Woolgar. 
See Trap ; Hotel. 

GRIT CHAMBER: 
or Detritus Tank. In 
sewage treatment, a 
tank in which the 
heavy mineral parti- 
cles in sewage arc 
settled out. These 
particles, which are 
mostly sand and grit 


M 




a:?' 


Outlets 


PLAN 




SECTION 


and diowery weather 
and the other to be 
brought into opera- 
tion during storm 
conditions — either 
automatically, as by 
means of a weir, or 
by the use of sluices, 
valves or penstocks. 
Each grit chamber 
should have a cap- 
acity of about one- 
hundredth of the daily 


GRIT CHAMBER. Fig. 1. Detritus tank In which ^ ^ 

heavy particles settle from sewage ; suitable to dry-Weatlier flOW. 
serve a few houses (compere Fig. 3, page 403). length may be 


washed from 
roofs, yards and streets by i.iinwater 
into ‘'combined*' sewerage systems, have 
a fairly high specific gravity and can be 
settled out by a slight checking (i,e. 
reducing) of the velocity of the sewage. 
The organic susj)ended matter should 
not be allowed to settle in the grit 
chamber in any quantity, but should 
pass through for subsequent treatment 
(see Sewage Treatment). 

In all but the very smallest sewage 
treatment works, two grit chambers should 
be provided, one to take the flow in dry 
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Fig. 2. Grit chambers for large village or estate. 
Fail of tank bottom Is longitudinally towards Inlet; 
sludge plug is operated by hand wheel above 
tank, and sluices regulate Bow through chambers. 


three or four times the width, and the 
depth one or two feet below the invert 
level of the inlet and outlet channels, with 
an additional depth for storage of grit. 
The quantity of grit to be dealt with varies 
considerably, but an average quantity is 
from 10 to 20 cu. ft. per million gallons. 
Figs. I and 2 show typical grit chambers 
for works serving a few houses and a 
large village or estate respectively. 

Grit chambers should be cleaned out 
regularly, and as soon as possible after a 
storm. If sufficient fall is not available 
for chambers to be emptied by gravity, 
the deposit should be lifted out by means 
of a chain pump (see Cesspool). — W, H. 
.Hillier, M, Eng,, AM. Inst. C.E. 

GULLY. • A fitting placed at the end 
of a drain line to receive water or waste 
discharges, or for the collection of surface 
water from buildings or roads. 

The fittings are obtainable in stone- 
ware or cast-iron ; in the first case they 
are glazed to give an impervious surface, 
and in the case of cast-iron gullies tKey 
are coated with a bitumastic solution for 
protection against corrosion. 

Both trapped and trapless gullies are 
used. The trapped gully is «o formed 
as to contain a quantity of w^er in the 
base, thus disconnecting the fitting from 
the drain line by means of a water seal 
and preventing foul gases escaping. 

Stoneware Gullies. The common 
type of trapped gully made in stoneware 
is square at the inlet and tapering to 
' round at base, the top edge being jebated 
to allow a gracing or cover to be fitted. 
Branches are made on the inlet side, 
either horizont^ or vertical ; these 
branches on the square, one-piece fitting 
are li.mited to three sides, being re- 
spectively R.H., L.H., or back inlets. 
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® j ^ j ■ — ' GULLY. Fig. 1. Stoneware fittings ; A, 

X :- =^ ^ trapped yard gully with hinged grating ; B, 

untrapped yard gully with square dished 

C ^ ^“'■izonlal Inlets to gully having 

^ 1 outlet on the angle ; D, vertical inlets to 

L|(p^ sin^ilar gully & Co., Ltd.); E, mud 

I li| I interceptor showing bucket in position ; 
Lyf . F. reversible gully with 3-in. N inlet ; Q, 
■uilAjliJ gullies with horizontal and vertical 

1 ^““ inlets, to be fitted with gratings (yo/in 
I Knowles & Co., Ltd.) 

'"^fl Cast-Iron Gullies. Tlic.se 

G |iJ| inadc in a one-picce fitting, 

^^0 or in two units (that is, the 

When more accurate fitting to position trap and inlet separate). A wider range 

is needed than the common trapped gully is available for branch inlets, due 


will allow, traps are used with the gully 
inlet as a separate piece. This method 
allows the trap to be positioned and the 
gully inlet turned to the desired direction ; 
jointing is then made to suit. The joint 
is usually in the water seal of the trap, 


partly to the fitting being more com- 
pact and easier to manufacture. With 
sufficient depth available at the trap 
invert, practically ^iny branch inlet can 
be connected by using suitable raising 
pieci.i with branches cast on. 


and care must be t^ken to ensure 
a watertight joint and to remove 
all surplus jointing material from 
inside the fitting. 

In the case of a trapped gully 
to receive surface water over an 
area from yrhich solid and float- 
ing matter^ such as mud, leaves, 
etc., might be conducted to the 
drain, provision must be made 
to intercept this and avoid it 
passing into the drain system. 
Fittings are made up for this 
purpose with a deep well to act 
as a settling base to receive 
sludge ; • also, perforated con- 
tainers known as sediment •pans 
are fitted to collect the solid 
matter. • 

These gullies range from 9 in. 
dia. X 18 in. deep to 24 in. dia. 
X 42 in. deep. 
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Fig. 2. Cast-Iron gullies ; A, trapless gully, suitable for yards and 

g arages where a series of gullies is connected to master trap: 

in. diam. by 24 in. deep, 10} in. heavy grating, 4 in. P outlet, 
galv. w.i. perforated sediment pan, 4 in. inlet sockets cast on in any 
of positions shown {Burn Bros., Lid); B, gully trap, access over 
outlet with luted cover: 4 in. byOSdeg.^ in. by 0 in. top, 14 in. high. 
{Cameron and Roberton, Ltd.) 
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I tjJJJM Various patterns of waste discharges from high buildings and 

deep-well fittings are no low-level fittings are connected, and 
made for sludge collec- the inlet is not required for surface 
tion, the general design drainage, it is advisable to fit a sealed 
being similar to that cover and not a grating. This method 
previously described. avoids the heavy foam which always 
T rapless Gullies, occurs when a bath is discharged, but can 
These fittings are used be used satisfactorily only when the inlet 
QULLY FI a collection of liquids is ventilated, as it would be by the 
Dean's trap V*9 In! when the disconnecting connexion of a ventilated waste pipe. 

4 fil? p outie"* only! gascs has been Branches. Although fittings are made 

Burn Bros.. Ltd. ‘ Safety dealt with by a to which any normal angle of branch 
trapped gully. As- can be connected, and several branches if 
suming that a drain line is so placed required, the outlet of the fitting is 
that further fittings are required to capable of carrying only a certain maxi- 
receive heavy discharges adjacent to a mum load. In the case of a fitting 
trapped gully, it would be safe to fit a positioned to collect waste and rain- 
trapless gully. The same applies if water discharges to the drainage system 
conditions are such that the drain line (assuming this is a combined drain), the 
would not be satisfactorily ventilated if total area collected with the rainwater 
continued to a position required and the pipe must be given full consideration, and 
point of collection was of uncontaminated calculations made to prove that this would 
liquid ; in such a case the connecting not be overloaded in the event of a heavy 
drain line would not become foul and storm. 

give off an offensive smell. -Overloading may be remote, but in the 

The cases described are more common event of the fitting being placed inside 
when dealing with drainage systems of the building and fitted with a sealed 
town buildings. A fairly common practice cover, flooding would occur at the lowest 
is to fit a master trap with gully inlet from fitment connected if the flow were more 
which branches would be taken to various than the gully could cope with. — ^Jf?. J. 
positions. When deciding such positions, Audrey, M.R.SanJ. 
consideration must be given to various - See Drains ; Gully Gratings ; Traps, 
fittings which are to discharge into the GULLY GRATINGS. Made to suit 
master gully ; and it must be borne in various types of gullies, those for the 
mind that the foul v^ter surface, if any, standard bellmouth being 8 in. diameter 
may be ventilated back through the by J in. thick (Fig. i) and intended for 
branch inlet to which the trapless gully is foot traffic only. Similar gratings are 
connected. made loj in. diameter to suit bellmouths 

Wlien dealing with drainage of areas and extensions of H.M. Office of Works 
that are in contact with inflammable pattern gullies ; but as the sockets of these 
liquid, such as petrol or oil, the collection fittings are ij in. deep, an outside rim is 
of surface water must be dealt with in an provided to give a seating in the socket, 
entirety different manner. A petrol inter- Fig. 2 shows such a grating applied to an 
ceptor is required, and there are various extension. Owing to the depth of the 
other special points, these being explained socket of the extension mentioned a heavy 
under Garage Drains (which see), grating having bars the full depth (Fig. 3) 

Access. In order to facilitate cleaning, may be fitted so that if the appropriate 
o^ rodding, in the event 04 a stoppage, grating is selected the extension may be 
traps are made with cleaning doors that used for foot or vehicular traffic, 
are airtight and inte- 
gral with the fitting. 

TOs type of fitting 
'should be used wher- 
ever necessary, and 
will justify its ad- 
ditional cost. 

Where gullies are 
positioned to receive • 
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aULLY aRATINQS. Fin- (1) ttMdard Allmouth 



ilace 9 In. diam. ; (3) grating 1 1 In. thICM 
raffle conditions ; (4) light, 10| In. i 
10| In. hln^d and toelc; 


I grating, 

r In. thick for foot traffic onlyi (21 gra^ng 101 In. dIam.Tn extension 
ilece 9 In. diam. ; (3) grating 1 1 In. thick to lit cocket of extenilon piece (2] 


lone ; (4) light, 10| In. diam. grating with pipe notch ; 
10| In. hln^d and lock^mg grating. (Burn Bros,, Ltd.) 


. diam. by 
or raising 
for heavy 
(5) light. 





CULlY /GRATINGS 



QULLY GRATINGS. Figs. 6-8 {Burn Bros., Ltd.): (6) square top gulty trap with 7 In. by 7 In. locking grating, 
position of inlets shown by A,B,C; (7) top and side view of gully trap with 0} in. by 6| in. grating, trap in two 
pieces, for vertical down pipe and surface water, 4 in. outlet; (8) side and top view of hinged and locking 
cover and franne for rainwater shoe. Figs. 9-12 {Carton Co.): (0) guiiy grating 12 in. sq. on 21 in. sq. bottom 
flange; (10-12) box grates cast in one piece with flat, concave, and iouvred gratings respectiveiy. 


Other gratings used for standard bell- 
mouths or H.M.O.W. gullies are those 
with a notch cut to receive a waste pipe 
(Fig. 4), and the hinged and locking tj^e 
(Fig. 5). In addition to gratings for beH- 
mouihs and extensions, are light square 
gratings 7 in. by 7' in., made both plain 
and hinged and locking (Fig. 6) for 
square-topped gullies. Another useful 
grating is that employed with a gully 
trap having a 9J in. by 6| in. top (Fig 7). 
The hole in the grating allows the down 
pipe to discharge directly into the gully, 
and no joint is required. 

Other light gratings include those for 


rainwater shoes, which may be plain or 
hinged and locking (]^. 8). TJ.ght 
gratings are best gSlvanizco; but Dr. Angus 



Figi. 13 and 14. Gratings to rotff gullies : (13) eleva- 
tion of domical, And plan and section of flat gratings 
for circular gully ; ( 14 ; domical and flat gratings to 
rectangular outlets of gully to suit L.C.C. or large- 
socket R.W. pipes. (fiwfN Bros., Ud.) 


Yard and Garage Gullies. These 
all have heavy gratings to suit their tops, 
and ranging from 9 in. by 15 in. diameter. 
A convenient gully grating 12 in. by 12 in. 
square with 21 in. by 21 in. bottom flange 
is shown by Fig. 9. A rectangular gully 
may have its top below the surface and 
an extension can be built in brickwork 
(through which the branch drains enter) 
and the grating is then bedded on the top. 

Gratings for Road Gullies. These 
require to be very strong, and large 
enough to allow of the insertion and with- 
drawal of a sludge sfoop or pump suction 
pipe. They are made curved (Fig. ii), 
flat (Fig. 10), and Iouvred (Fig. 12), and 
sizes ' :'y from 8" x b'' clear opening 
with I,, X 13'' bottom flange to 16^" X 
13"' clear opening with 26^" X 26^" 
bottom flange. The grating thicknesses 
vary from lY to 3" and the total depth of 
frames from 2Y to b" , according to size. 
If fixed in road gutters the carved pattern 
is desirable, and the curved Iouvred 
pattern is probably the most efficient. 
Hinged gratings are convenient, but there 
is some danger of their breaking when 
dropped into place after raising. The 
bottom of i>ange of roadway gratings is 
bedded on concrete or brickwork laid be- 
tween gully top and road surface. 

Roof Gullies. The gratings resemble 
in the main those for surface gullies and 
are rectangular or round according to the 
type of gully. Domical gratings arc 
frequently used in place of flat gratings 
on roofs where there is no foot traffic. 
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GUNMET/j 


The domical grating gives a better water 
way and it is not likely to become choked 
by debris, leaves or paper. Flat and 
domical gratings are shown applied to a 
circular roof gully in Fig. 13, and to a 
rectangular roof gully in Fig. 14. 

GUNMETAL Name applied to a 
range of copper-tin alloys in which the 
tin content may vary from 5 to 12 per 
cent. The most widely used alloy, how- 
ever, is that containing 10 per cent, of 
tin, but in this material the properties 
vary very considerably with the method 
of production. Thus, when sand-cast 
the tensile strength is approximately 
15 tons/sq. in., but when pressure casting 
is adopted the strength may be a s high as 
32 tons/sq. in. ChiU casting also has the 
effect of improving the strength and thus 
a tensile strength of 18 tons/sq. in. is 
common for chill-cast gunmetal. 

Admiralty Gunmetal. The Admiralty 
Specification for gunmetal covers an alloy 
containing copper 88 per cent., tin 10 per 
cent., and zinc 2 per cent., the zinc thus 
replacing some of the copper in the 
standard 10 per cent, tin-bronze. This 
composition is adhered to for Admiralty 
work, but as supplied to the trade 
generally the material may contain more 
zinc, and additions of lead. The 88 : 10 : 2 
Admiralty gunmetal has a minimum 
tensile strength of 14 tons/sq. in., with an 


elongation of 7-5 per cent., but thefie extra 
additions of zinc and lead, while they 
certainly render casting more easy, lower 
considerably the strength of the material. 
For this reason a tensile strength no 
higher than 12 tons/sq. in. will normally 
be shown by them, and their elongation 
usually falls to 5 per cent, or even lower. 

Gunmetal is not recommended for 
service at elevated temperatures, as the 
properties deteriorate rapidly and, the 
metal is of no value for components 
subject to superheated steam. Annealing 
at about 700° C. renders gunmetal castings 
less porous to water or oil under pressure, 
and increases ductility. For steam valves, 
a gunmetal containing copper 85 per cent., 
tin 10 per cent., and lead 2 per cent, is 
superior in its resistance to steam and is 
widely used for these purposes. Nickel up 
to I per cent, is also sometimes added to 
gunmetal, as it gives a finer grain and 
increases both the strength and the hard- 
ness. It also helps in preventing the 
segregation of any lead also present. In 
fact, gunmetal in which the combined 
tin and nickel contents exceed 10 per cent, 
is far superior to the 88 : 10 : 2 gunmetal 
in temperature resistance, as, for instance, 
in steam valves, cocks and other steam 
fittings. For valves and fittings subject 
to the action of corrosive waters the 
nickel content should be increased. 


GUTTERS: (1) LEAD, THE CHIEF TYPES 

By T. Jennings, M.R.San.l., R.P. 

This contribution expiains the construction of the chief types of gutter in lead- 
work. It also summarizes the essential requirements of the gutter woodwork. 
Box Gutters are dealt with elsewhere in this work under their own heading. 
See under Rainwater Drainage for principles of gutter drainage, and for capacities and 
fall of gutters ; also under Roofwork : (I) in Lead for general notes on gutter work. 


Lead gutters are formed wherever the 
inclined portion of a roof alters its direc- 
tion, or two adjoining parts of the roof 
intersect at such an angle as to render it 
impracticable to weather .the junction 
satisfactorily by means of ordinary hash- 
ings. The gutters convey the roof water 
to the outlet and R.W. pipe. 

, The chief types are here dealt with 
briefly. Additional information is given in 
the article Roofwork : (i) in Lead, and its 
associated Plate. Methods of setting out 
gutters are there shown. Lead gutters 
vary in their types and names, but generally 
speaking they may be divided into two 


classes : those fixed at relatively steep 
pitch or angle, in which case the joints 
are simply overlaps or passings — the 
overlap being at least 4 in., and those fixed 
with as little fall or incline as practicable, 
the minimum being ij in. in 10 ft., or 
I in 80. In the latter case the joints have 
to be more carefully arranged to ensure 
a satisfactory job. The most usual 
method of joining .the bays in horizontal 
gutters is by* means of the drip {which 
see).^ • 

Hip Valley. Taking them in the above 
order, we have first the hip valley or 
V-gutter, which is the most usual method 



GUTTERS Cf (I) , LEAD 


of weathering the junction of 
a hipped roof with the main 
roof (Fig. i). These gutters 
are fixed in lengths equal to the 
usual widths of lead sheets — 

7 ft. to 8 ft. — and vary from 15 
in. to 22 in. wide according to 
the type of roof covering (slates 
or tiles) and the type of gutter 
(close or open). They are 
fixed on gutter boards provided 
for them, and a tilt lath is 
usually ftxed longitudinally, 
although in many instances, 
especially where small flat tiles 
are used, the slater may prefer 
a bead turned on edge to allow 
him to adjust height and pre- 
vent tiles being tilted the wrong 
way. Both tilt lath and bead 
are shown in Fig. 2. 

Fig. 2 A shows a section through a wide 
flat type of hip valley gutter. The highest 
part of this gutter is continued upwards, 



m Laih 
Edge, of Lead 


Section through Close Type Hip 

Valley or y* Gutter Showing Tilt Laih or Bead 


TiltLath 


^Finish oP Slates 


GUTTERS : LEAD. Fig. 1. Double hip valley or 
V-gutier, such as is used with a dormer, showing tilt 
lath under slates to give correct angle, and separate 
saddle piece overlapping lead Join at apex (see also 
Figs. 2. 2A and 3). 



Fig. 2. Section through close type V-gutter, «>howing lead drt;»i.' ■ 
lath on right and turiud over to form bead on left, resting on gu 
and with slate fixed over lath. Fig. 2A (right). Section throug. 
valley gutter showing lead dressed over two laths, and resting 
and sole boards. 



in the case of a single gutter, and tiled 
over ; or, as in the case of the double 
hip valley (Fig. i), both tops are turned 
over the “ ^ex ” to render it water- 
tight. • 

Sometimes a separate saddle piece 
(Fig. 3) is made and fixed at this 
point overlapping the tops of the 
lengths, the same as in an ordinary 
join — ^namely, at least 
4 in. 

This V-gutter 
also be formed 
small pieces of 
similar to* soakers, 
fixed with each course 
of slates, as shov^ n in 
Fig. 4. In this case 


the gutter is very close 
and practically in- 
visible, but involves 
more lead and labour 
than straight lengths. 

Secret Gutters, 
^own in Figs. 5 and 
5 A, p.486. See also 
under Roofwork: (i). 
They are sometimes 
fixed along the sides 
of chimneys, or other 
projections through roofs, in the di- 
rection of the “ fall.” The advantage 
attributed to these gutters is ttie adcii- 
tional safeguard against the 
penetration of water under the 
slates, afforded by the lath 
which is fixed longitudinally, 
forming a channel fsr 
the water. 

The objection to these 
gutters is that they are 
prone to become choked 
with silt and leaves. 
But this objection 
diminishes as pitch 
Tiitiaih increases. They vary 
in width from in. to 
3 ifi. In the case of the 



Fig. 3. Saddle piece dressed over tilt laths 
for apex of double hip valley gutter, ae 
used In Fig. 1. 
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GUTTERS : LEAD. Fig. 4. V-gutter formed of 
soakers, fixed with each course or slates and with 
overlap In direction of fall, soakers being cut about 
4 In. each side of angle (see p. 485). 

narrow ^tters they can be cut and fixed 
in one piece, or “ self-flashed.” 

Parapet and Valley Gutters. As these 
gutters (Figs. 6-8) are fixed nearly horizon- 
tally, and involve different preparation 
and methods of joining, much care must 
be exercised in their fixing. (See also under 
headings Box Gutter : and Roofwork). 

Specification for Joiner’s Work. As 
the final responsibility for the lead-lined 
gutter rests with the plumber, it is often 
stipulated by the architect that details 
for these ^tters must be furnished to 
the joiner in the setting off of the gutter 


Gutter ^ould be substantially con- 
structed to carry wdght of lead, traffic, 
and snow without movement. 

Smooth surfaces must be formed with 
all edges and comers rounded off and nails 
well pundied in. Boards should be as 
narrow as possible — about 4 in. — ^to 



Fig. 6. Parapet gutter formed where lower edge of 
pitched roof abuts a wall ; drips are 2 to 3 In. deep ; 
tITt fillets under slates ensure watertight Join to 
lead : lead Is carried up slope to vertical height 
equal to that of upstand against wall ; upstancT is 
protected by cover flashing (see Fig. 7, p. 487, end o/se 
Figs. pp. 338-8%)). 

prevent corrugations being formed when 
the wood warps ; fixed with the heart 
side upwards and the grain running in the 
direction of the flow of water. 



C6^r 

Flashing Lafh 

Figs. 5 and 5A. Elevation and section through 
secret gutter between slates and brickwork, as 
used beside chimney, showing slate lath, lead 
lining to gutter, and cover flashing dressed up 
chimney and tucked Into brickwork (seep. 485). 


woodwork. Therefore, the ^ 
plumber should know what 
are the main essentials to ensure a 
good job. They can be summarized 
as follows: 



The gutter should be designed to permit 
air circulation under boards to prevent 
rot. 

A good tilt lath or tilt fillet should be 
fixed whenever slates join the lead, in 
order to ensure a watertight joint by 
tightening the lower courses of the slates 
and also preventing any drift under them. 

The fall or inclination of the gutter 
boards towards the outlet should never 
be less than in. in lo ft. The outlet 
shoifld be 12 in. wide. Joints across the 
gutter are formed by means of drips, 
which ^ould, if possible, be 3 in. high and 
never less than 2 in., with a spla^ lap 
X in. wide on overcloak. The distance 
these drips axe apart determines the length 
of the bays, but it should 
*' never exceed 10 ft. This de- 

V tajj varies with each job, on 

account of (hviding* the total 
^ Ifen^ of gutter into equal 
divisions, or working drips to 
' suit wid^ of sheet. 

\ amount of lead ex- 

posed in (me piece should 


V' 
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not exceed about i8 
sq. ft., although in some 
cases 24 sq. ft. can be 
permitted with safety. 

Generally speaking, 
the smaller the pieces 
are, the better, but it 
must be remembered 
that in the case of 
^tters every extra bay 
involves addition^ 
height and width as 
incline increases (see 
Box Gutter, Fig. 2). 

Fixing Details. When the woodwork 
is ready to receive the lead, the lowest 
bay is the first fixed and then the others 
in ascending order. 

Apart from details of the drip, the next 
important matter is the distance to which 
the lead is taken up the inclined part of 
roof. This length is usually 9 in., to give 
I I I 


upitand oP 



GUTTERS : LEAD. Fig. 
parapet gutter of Fig. 6 ; lead if dressed over fillet 
on slope, and upstand Is weathered with cover 
flashing ; air space below gutter board prevents rot. 





showing 


Fig. 8. Section through parapet gutter, l _ 

flashing to parapet or wall and drip detail (see efso 
Figs. 6 and 7). 



Fig. 9. Chimney back gutter 
with fall In both directions, 
•iinllar to parapet gutter in 
Fli^. 6 and 7, with chimney 
side gutter as in Fig 6. 


the requisite height, 
but in some cases 12 
in. may be advisable. 
It should be obvious 
that the vertical 
height to which this 
should be taken must 
be at least the height 
of upstand against the 
wall {see the illustration 
of a parapet gutter in 
Fig. 6). 

The foregoing de- 
tails apply to ; (i) 

which are formed where 


valley gutters 
roofs of the same or different pitches join 
each other along their lower edges (as 
section, Fig 2 a) ; (2) parapet gutters 
which are formed where the lower edge of 
a pitched roof joins a higher building, or 
a special parapet wall built as an archi- 
tectural feature. Tlie detail of this gutter 
is shown in Figs. 6, 7 and 8. In both these 
gutters the number of outlets and falls 
towards them has to be set to suit the 
particular conditions ; also in some cases 
the width of the gutters may involve the 
need of two bays with a roll fixed longi- 
tudinally, to divide it into two pieces of 
the maximum area allowed. 


JUtLcJK 



Fig. 10. 

with upstand to chimney in front am 

•omitted, showing position of lath. 


Lead for chimney back gutter (Fig. 0), 
‘ ‘ id cover flashing 


Chimney Back Gutters. These 
(shown in Figs. 9 and 10) are fixed whenever 
a chimney or similar projection penetrates 
a pitched roof. The details are similar to 
those of a parapet gutter. Usually they 
are fixed in one piece, turned down on 
to slates at each end, and when more than 
2 ft. wide should be made with a fall each 
way, as Fig. 9. Fig. 10 shows view of 
lead. ^0 under Roofwork : (i). 
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GUTTERS: (2) CAST-IRON, STEEL, ASBESTOS, ALUMINIUM 

& COPPER 

By D. Longden, M.R.San.l. 

The most important types of gutter are here described, with the fittings in 
common use. For general principles of gutter drainage see Rainwater Drainage. 

See also Aluminium ; Asbestos Cement ; Copper. 


British Standards covering gutters are 

Cast Iron Gutters, Fittings ' and Accessories, 
Half Round Gutters B.S. 1205, Part i, 1945 
O.G. Gutters B.S. 1205, Part 2, 1945. 

Asbestos Cement Gutters B.S. 569, 1945. 

Pressed Steel Galvanized Rainwater Gutters. 
Pipes and Fittings B.S. 1091. 1946. 

Aluminium Rainwater Goods, cast and ex- 
truded B.S. 1430, 1947- B.S, 1543. 1949. 

Wrought aluminium rainwater goods. 

Rainwater Goods Wrought Copper and 
Wrought Zinc B.S. 1431, 1948. 

These gutters of different materials 
resemble one another very closely. They 
are all spigot and socket in approximately 
the same lengths, 6 ft. being the maximum. 
Fittings arc similar in dimensions though 
pressed steel arc somewhat longer. All gut- 
ters are as light as manufacture permits. 
Gutters and fittings are holed in the bot- 
tom to receive small countersunk screws. 
The diagrams (Fig. 1) show fittings 
common to all materials with terms for 
both O.G. and H.R. gutters. Diameters 
are 3, 4, 4^, 5 and 6. 

In addition cast-ir®n gutters for large 
buildings are made in numerous patterns 
and makers' lists should be consulted. 
The modern trend k* to use copper for 
large office buildings and the like, and* 
pressed steel for factory gutters, often 
purpose made. 

Valley Gutters, Steel. Pressed steel 
is favoured for large valley gutters to 
factory roofs since it is relatively light 
and is easily fixed to the structural steel 
work. JThese gutters arc of heavier 
metal than the B.S. mentioned, ^ in. 
being general instead of 20 B.G. of the 
Standard. Valley gutters should always 
be of ample width to allow repair work to 
Ije carried out from them, and they should 
serve as walking ways. Fig. 2 shows a 
typical steel valley gutter. Note that 
the outlet is belled in order to allow water 
to run freely away. Whilst most gutters - 
require a fall of i in. in 10 ft. these large 
gutters only require i in. in 25 ft. The 
sides of the gutter must be high enough 
to prevent storm water entering the 
building. Box and boundary wall gutters 
are also made in prised steel. 


Asbestos Cement Gutters. Also 
used for valley, boundary wall and box 
gutters. They are not as satisfactory 
for valley gutters as pressed steel * but 
for the other two purposes arc equally so. 
These gutters are covered by B.S. 569: 
1945. (See also page 73). Valley gutters 
for roofs of equal slopes are included 
in the Standard. 


Snoa/ Boards 



Fig. 2. Pressed steel 
galvanized gutter. 
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GUTTERS, CAST-IRON, etc. Fig. 1. H.R. and O-Q. 
with fttlngs according to B^S. 12&, 1045, Parts 1 and 
2, for C.-1. gutters, fittings, and accessories. Mild 
steel brackets shown at bottom. The number of fittings 
has beep limited in this Standard to facilitate production. 
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The three types are covered in 5 Tables : valley, 
6 and 18 and 24 and 12 in. wide (inside, top), 
5 and 6 in. deep, J in. thick; boundary wall, ii. 
12 and 16 in. wide (inside, top), 5 and 6 in. deep, 
i, f and J in. thick; box, 5, 12 and 15 in. wide 
(inside, top), 4^, 6, 8 and 5 in. deep, | and J in. 
thick. 

Asbestos cement valley, boundary wall and 
box gutters are made spigot and socket, the 
latter being 4 in. deep. They are not hfded for 
screws and bolts because they are intended to 
rest on a bearing surface. 

Asbestos Cement Fittings are stan- 
dard for the above three types of gutters 
and are as follows : 

Drop ends which seal off the end of the 
gutter provide an outlet and have a socket to 
receive the last spigot length of guttering. 
They arc 15 in. long effective and may have 
outlets 4 in. and 0 in. internal diameter. 

Nozzles for connecting two spigot lengths 
in a mid-po-sition, 15 in. effective length with 
outlet 4 in. or 6 in. internal diameter. 

Angies (internal or external) for use at 
corners of buildings. These are made with a 
socket at each end. 

Stop ends for Spigots to receive spigots 
ends of guttering and .seal off the end of the 
gutter when an outlet is not required. 

Stop ends for Sockets to fit socket encls 
of gutteriiig and seal ulf the end of the gutter 
when an outlet is not required. 

Jointing. Asbestos cement gutters may be 
jointed with cement or with a bituminous com- 
pound obtainable from the manufacturers. 
Fixings of Gutters (All Types). Small eaves 
gutters may l-e fixed to fascia boards by mca-is of 
mild steel brackets scrcw'cd to .same. Half round 
gutters may be fixed with straps to rafters but 
this is not pos.siblc with O.G, gutters. O.G. gut- 
ters may be holed at the back to receive No. 12 
countersunk heatl wood .screws for fixing to fa.scia 
boards. The new British Standard design keeps the 
screw hole above the w'ater line, thus avoiding 
rotting of the fascia^board. Brackets for these 
gutters must depend entirely upon position 
and weight of gutter and be designed for each 
jiarficular position. 

Jointing of Gutters. Cast-iron and 
pressed steel gutters may be jointed by 
means of red lead and putty or cementa- 
tions cold oaulking compound. The latter 
material i» suitable for asbestos gutters 
but the makers provide their own cement 
compound, or bituminous preparation. 

Aluminium Gutters. Cast and ex- 
truded, covered by B.S. 1430, 1947. 
O.G. and H.R. gutters are illusi ted, 
with brief notes, under Aluminium, p. 49. 
Standard length, 6 ft. Sizes, H.R. 4 in., 
4| in., 5 in., 6 in. ; 0 ;G. 4 jn., 4 Jin., 5 in. 
Thicknesses are given in page 49. Fit- 
tings and. accessories may be cast in one 
piece, extruded with formed socket, or 
cast with a cast j^ocket. They should not 
be mild steel. 


The fittings for H.R. gutters are angles, 
square and obtuse both left and right 
hand, outlets with socket' and stop end, 
outlet with spigot and stop end and double 
socket nozzle pieces. 

Nozzle outlet diameters are 2} in., 2j in., 3} in. 
for 4 — 4J in. 5 in. and 6 in. respectively. 

The fittings for O.G. gutters arc angles, 
square and obtuse for external and internal 
angles, spigot and socket nozzle pieces, 
drop end for spigot and drop end for socket. 

Both half round and O.G. gut*ter 
sockets are slot-holed J in. diameter x J in. 
long to receive in. bolts. 

O.G. aluminium gutters are holed at 
the back for fixing to fa.scia boards, but 
this method is not recommended. 

Copper Gutters. Copper sheet or 
strip, folded to the required shapes, make 
durable but light eaves gutters. The 
sections available arc half round, rect- 
angular and O.G. They are obtainable 
in lengths of b ft., 7 ft. and 8 ft., and 
according to size arc either 22 s.w.g. 
or 24 s.w.g. The range of sizes are 3 in., 
4 in., 4.J- in. and 5 in. 

The range of copper fitl ings (B.S.143T) is : 

Slop ends : Used at the ends of i^uttcrs. 

Angles : Both intiTiial and external, right- 
angled. 

Outlets : For connexions to the rainw'ater 
pipe. 

(lUlters can be secured to the fascia 
by means of screws inserted through 
tubular stays, placed every 30 in. or by 
means of fascia or spar brackets of copper 
or copper alloy. 

Jciv^s arc plain-lapped and soldered 
for a . nimum distance of 2 in., the ends 
of the gutters being pre-tinned before 
fixing. Alternatively, with certain types 
of gutters, clips are supplied which are 
filled with a bituminous compound making 
a watertight joint. This is recoqjmended. 

Wire balloons should be fitted at 
the outlet of all gutters. They should 
be of 2 medium mesh 16 W.G. with 13 
W.G. frame. 

H ACKjNG KNIFE: or Chipping 
Knife. Stout knife for chipping off 
old hard putty from round window frames 
when replacing glass, or hacking thick 
pieces of sheet lead or lead pipe. It 
has a robust steel blade about 4 in. long 
and ij in. wide, and handle continuing 
the blade, but reduced to about J in. wide. 
To each side of the handle is riveted a strip 
of leather to protect the hand when in use. 
The knife may be obtained in two types, 
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HACKINd KNIFE 


one with the handle at an angle to the 
blade and the other with the handle in 
line with the blade. The hacking knife 



Angle Type ^^uHStze 

HACKING KNIFE. Strong knifa with stout steal 
blade about 4 in. long and 1i In. wide ; the handle, 
covered on each aide with leather, la a ' ontinuatlon 
of the blade. Used for toft metal, hard putty on old 
glazing, etc. 

is stronger than the pocket knife or bass 
knife, and is used by being struck with 
the hammer on the back edge of the blade. 


frame is the most convenient ; the back 
is a tee-section member and the blade 
is fixed about | in. beneath it. 

Apart from the points mentioned, the 
choice of a frame is largely a matter of 
price. The tool gets hard and frequent 
usage, and it is worth while purchasing a 
good frame at the outset. The common 
type of handle leaves much to be desired, 
and the improved form (“ pistol-grip ") 



Fig. 2. (top) hacksaw frame with tee-section back for 
extra stiffness In shallow cutting ; (below) extension 
frame with pistol grip for comfort in handling. 
S. Tyeack Jt Son, Ltd. 


HACKSAW. Saw for cutting metal. 
The blade is of good hard steel with set 
teeth and is held in a shallow bow. The 
blade is provided with a hole at each end, 
to engage with pegs on the stems of the 
bow. Tension is applied by a thumb- 
screw working on the squared stem 
farthest from the handle. 

Frames. The cheapest type will take 
a single size (length) of blade — being made 
in 8, 9, 10 and i2-in. capacity. In several 
respects the single-size frame is superior ; 
it is more rigid than tj^e commoner adjust- 
able frames, but, of course^ the user must* 
provide himself with a supply of blades 
of the proper length. The bow of the usual 
type of adjustable frame is made in two 
pieces, one sliding in the other, and can be 
extended or shortened within its range to 
take various lengths of blade — ^usually 
8 in. to 12 in. Unless well made, how- 


gives a firmer and more comfortable hold. 
The tubular type of frame also has good 
points, though it is relatively expensive. 

•Operation. The blade must be ten- 
sioned in the frame until it gives out a 
musical note when plucked, the actual 
degree of tightness being a matter for 
the worker's judgment. Generally the 
blade is inserted with the teeth pointing 
forward, though there are jobs when a 
draw-cut will be better. As to the correct 


pitch of taoth for various jobs, the 
following can be taken as a guide : 

Teeth per in. 

m jr*i 9 A • ^ _ !• * 


Mild steel of average section 14 

Harder steel 18 


Iron pipe, 
cop^r 
Conduit an< 


Conduit and thin tubes . . 32 

(Abbott, Birks 6* Co.) 

The importance of using a fine tooth 
for pipes and tubes is shown by Fig. i, 
where it is seen that a coarse-toothed 


ever, they tend to whip when extended 
to, say, 12 in., and the alinement may be 
erratic. The depth under back of ordinary 
bows is 2\ in. to about 2| in., but bows 
3^ in. and 5^ in. deep are made. For cutting 
hfrge work, hacksaws with a depth under 
back of 7^ in. and 10^ in. are obtainable, 
and would be used for cutting off rails, 
etc. Going to the other 
extreme, there are | j 

many occasions when Ivv/pvWuvV 
extra rigidity is an ad- ^ 

vantage, and a depth 1 

of cut of about {in. 9 

will sufilce. For such hacksaw, rig. 1. 


blade catches against the edge of the 
work, making smooth and cle*an cutting 
impossible. A finer pitch, on tlie contrary, 
allows several teeth to rest on the work, 
so that they do not drop and catch on 
the edge. 

Generally speaking, the saw should be 
used much as would a file, applying 
i v\ pressure only in the 

V I ^ direction of -the cut 

\ . hnd letting the blade 

e come back ea^y 

I on the return. On 

f a narrow surface 

Aetlm of coon, and An. the CUt Can be 


occasions thetee-baclt started with a notch 
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HACKSAW. Fig. 3. Hacksaw in use ; It Is held firmly in both hands in horizontal position. 


or nick made by a three-square file. 
Where practicable, as soon as the cut is 
well under way, give longer strokes and 
use the entire length of the blade. 
Directly any teeth are ripped out tj^c 
blade (.‘T"ht to be discarded, as further 
use will break off more teeth and may 
damage the work. The proper way to 
hold and use the hacksaw is shown in 
Fig. 3. Blunted blades should be replaced : 
reliable brands are by no means expensive. 

HAIR-FELT. An insulating material 
used for protecting water pipq? from frost. 
It is composed of a layer of hairy felting 
about I in. thick, and is usually backed 
with a layer of ordinary coarse sacking. 
Hair-felt may be obtained in various 
widths, depending on the size of pipe it 
is required to cover, and is usually sold in 
rolls of approximately 24 ft. lineal. There 
are two ways of using it for lagging pipe : 
one is to lap it spir^y round the pipe ; 
the other is to fold it round and sew the 
edges together by means of a bag needle 
and thin string. To make a neater job, 
it is advisable to turn the joint to the back 
of the pipe against the wall. All insula- 
tion must be kept dry. — J. Malpass, 
M.R.SanJ. 

HAMMER. The plumber's hamm ’’has 
the pane straight (i.e. in line with the 
hancUe) and the usual round, flat face, 
with a good straight-grained ash handle 
shaped to be evenly balanced when in 
use. The^ early type l^d an extended 
straight pan^> and variea in weight from 
6 oz. to 20 oz. Advantages attributed to 
the design are : ability to drive copper 


tacks in the comers of wood cisterns, 
etc., when lining them with lead ; prepara- 
tion of seams when making seamed lead 
pipes before using the gauge hook ; 
facility with which pipe hooks, etc., can 
be driven in awkward positions. Where 
glazing is done by plumbers, the straight 
pane can be used to advantage when fixing 
tacks in glazing rebates. 

The heavier type (see illustration) is 
used in weights from ij lb. to 2 lb. 
While pos.sessing the advantages of the 



HAMMER. Heavy type of plumber’s hammer. 
oDtainable In weights from to 2 lbs. 

Richard Uelhuith A Co.. Lid. 

lighter type, this can be used foj heavier 
duties such as driving larger pipe-hooks, 
pipe-bending bobbins, hole-cutting, etc. 

For this reason it is usual to carry 
both a light and a heavy hammer in the 
plumber's kit. 

HARD WATER. Hardness in water 
is due to tlie presence of salts of lime or 
magnesia in the water. Rainwater as it 
falls is soft, but in passing through the 
air it absorbs carbonic acid gas, and when 
this water percolates through the ground 
or passes over rocky strata, the carbonic 
acid dissolves out and absorbs the salts 
of lime and magnesia. Water drawn from 
chalky strata is pa^icularly hard. 
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If the salts are present in the form of 
carbonates the water is said to be 
temporarily hard, but if present in the 
form of sulphates the water is permanently 
hard. The carbonates cease to be soluble 
at 212® F., and are precipitated out ; 
thus temporary hardness can be removed 
by boiling. Permanent hardness can be 
removed by caustic lime or caustic soda. 

Hardness is measured in degrees, and 
I deg. of hardness equals i grain of bicarb- 
onate of lime in i gallon of water. If the 
hardness is under 7 deg. the water is 
termed soft water ; while water with more 
than 7 deg. is termed hard water. 

Hard waters are wasteful, as much more 
soap is used for washing purpo. es before 
a lather is obtained. They also cause scale 
to form in pipes and boilers. Soft waters 
have a solvent action on such metals as 
lead and zinc, and if passed untreated 
through the pipes may cause lead poison- 
ing. For domestic purposes a water with a 
hardness of 6 deg. or 7 deg. is the most desir- 
able. Hard water forms a thin coat of scale 
on the inside of lead or iron pipes which 
prevents further corrosive action from 
taking place. — E. H. Vick, AM,Inst,C.E. 

See Water ; Water Softening. 

HEAD OF WATER. Water at rest 
has a potential energy due to its static head, 
the height of the free surface above any 
point being the static head at that point. 

Thus the static head at the point A 
(Fig. i) equals h feet, and at the lower point* 
equals H feet. The pressure increases as 
the depth or head increases. 

Since water weighs 62-36 lb. (taken as 
62-4 lb. for approximate calculations) 


per cu. ft., a column of water i It. square 
and I ft. high will weigh 62*36 lb. ; and the 



HEAD OF WATER. Fig. 1 (left). Static head at two 
given depths marked by points. Fig. 2 (right). Kinetic 
energy of water expressed in terms of static head 
when water is flowing from tank and head H is 
constant (see text). 

pressure exerted on the base will be 62*36 
lb. per sq. ft., or 0-433 lb. per sq. in. 

The pressure in lb. per sq. ft. due to any 
head of liquid is given by the formula: 

p^wh where w equals the weight in lb. of 
I cu. ft. of the liquid and h is static head in ft. 

This pressure will be equal in all direc- 
tions at this point. 

Water in motion po.ssesses kinetic 
energy which may be expressed in terms 
of static head. Fig. 2 represents water 
flowing from a tank in which the head 
H is kept constant, the water having 
a« velocity of V ft. per sec. A small 
particle of water at the free surface will 
have a weight W and a potential energy 
of WH. When this particle of water issues 
from tlie outlet with a velocity of V ft. 
per sec., it will have fallen through a 
height H and its potential energy will 
have been converted to kinetic energy. 

.-. H = — or V = 2 gh 

V is the actual velocity of the water after 
falling through a height H (neglecting all 
friction losses). — E. H\ f ick,A .M.Inst.C.E. 

See Hydraulics. 


HEAT: GENERAL THEORY FOR STUDENTS 

• By Norman Wignall, A.M.I.Mech.E.. M.I.H.V.E. 

A clear and simple explanation of the theory, with special reference to the work 
of the Plumber, Heating and Ventilating Engineer. See Heating : (I) Theory; flot 
Water ; Temperature ; Thermometer. 


•Heat is a form of energy possessed by 
a body, due to the state of motion of 
the molecules of which the body is 
composed. In solids the molecules remain 
stationary, but are in a state of vibration 
which is increased by the addition of 
heat. In the case of liquids the motion 
of the molecules is not only increased but 
at the same* time currents of molecules 
may be caused to travel from one part of 
the liquid to anothtsr. In gases the 


molecules are in rapid motion, and 
collisions with each other and the ^alls 
of the vessel containing the gas are 
frequent, the continual bombardment 
resulting in pressure raised within the 
vessel. Heat energy may be converted 
into work, and vice versa; Joule's experi- 
ments showed that i B.Th.U. was equiv- 
alent to 772 foot-lb. of mechanical work. 

All heat is obtained from natural 
sources, or produced by methods which 
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depend upon natural stores of heat 
energy. Thus the most obvious natural 
source is the sun, the rays from which are 
being utilized to a slight extent in tropical 
climates for the production of mechanical 
work. 

Volcanic heat is also being used for 
power production. The principal commer- 
cial sources of 

heat, however, are C P 

fuels, a fuel being (q) 

any substance 
capable of chemi- 
cal combination 
with the oxygen 
in the atmosphere 
resulting in the 
evolution of heat 
and light (i.e, in 
combustion). 

Temperature. 

This is degree of 
hotness ; it may 
be measured by 
a thermometer 
{wnlui which 
utilizes the expan- 
sion of mercury or 
alcohol (taking 
place on rise of 
temperature), 
causing a thread 
of the liquid to 
rise or fall in a 
fine-bore glass 
tube on which 
fixed points are 
marked, represent- 
ing the freezing 
pdlnt and boiling 
point of water, at 
atmospheric pres- 
sure. Between 
these points the 
thermometer is 
divided into a 
number of degree:-. 

Quantity of Heat, 
measure temperature 
quantity of heat. 
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HEAT. Centigrade and 
Fahrenheit mercury thermo- 
meters. Formulae for con- 
verting readings are given 
undoi Centigrade, p. 220. 


Thermometers 
only, but not 
which deper "^s on 
other factors, of which temperature lo only 
one. The Fahrenheit unit of heat is the 
British Thermal Unit (g.Th.U.), which is 

the quantity of heat required to raise i lb. of 
water through i® F. 

This forms the basi^ of all heating 
calculations. Thus, if lo lb. of water be 
raised through ^o® F., the heat required 
will be 10 X 50 = 500 B.Th.U. 


Specific Heat. This is the amount of 
heat required to raise unit mass of any 
substance through i° F. The specific heat 
of water is taken as unity, as i B.Th.U. 
will raise i lb. of water F. The specific 
heats of other substances are expressed as 
a fraction, as shown in Table i ; 


TABLE I. 

Specific Heats at Ordinary Temperatures 


Element 

Specific Heat 

Water 

I *0000 

Air 

•24 

Mild steel 

•1158 

Cast-iron 

*I 2 I 6 -*I 298 

Copper 

•0965 

Tin 

•osG2 

Brass 

•0940 

Lead 

•0314 

Aluminium 

•2143 

Silver 

•057 

Zinc 

•0956 

Gunmetal 

•0952 

Asbestos 

•20 

Firebrick 

•20 

Glass 

•16 

K libber 

*37 

Ice 

*50 


/Cnf'ineer’x V'ear Hook 


Thus, if it is required to add to or 
take from the heat content of anything, 
tlie heat quantity can be obtained from : 

Mass (in lb.) X (Temperature gain or loss) 
X (Specific Heat). 

The specific heat varies with tempera- 
ture, but the variation is practically 
negligible between^ the limits used in 
heating and ventilation. 

Expansion Due to Heat. If heat be 
appli to a solid, temperature is raised 
and expansion takes place. 

The coefficient of linear expansion of a 
substance is 

the increase in length which a bar of unit 

length undiTgocs wlien its temperature is 

raised through one degree. ^ 

If a=the coclficient of linear expansion, 

L -^original length of bar, 
f=rise in temperature ; 

Then increase in a bar of unit length ---a / ,• 
.. .. M length L=Lfl/. 

Final length of bar L-f L a / = L (i-fa^)# 

Table If (p. 494) shows the coefficients 
of linear expansion of various substances. 

The coefficient of superficial expansion 
is the increase in area which a plate 
of unit area undergoes when its temi)era- 
ture is raised through one degree. For all 
practical purposes it is twice the coefficient 
of linear expansion for the same substance. 

The coefficient of cubical expansion 
applies to unit volume in the same way, 
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TABLE II. point). At this point if heat continues to 

Coefficient of Linear Expansion of Various Sub- be applied, the temperature remains 
stances per Degree F. (Ordinary Temperatures) constant until all the water is vaporized 


Substance 

Coefficient of exp. 

Wrought-iron 

*00000656 

Cast-iron . . . . . . . . 

*00000618 

Lead 

*00001581 

Copp)er 

*00000922 

Firebrick 

*00000275 

Brass 

*00001075 

Aluminium 

*0000245 

Nickel 

*0000128 1 

Tin 

*0000223 

Zinc 

*0000292 

Steel 

*0000069 

Glass 

*0000048 

Red Brick 

*0000030 

Marble 

*0000061 

Granite 

*0000044 


Compare Table in p. 371 (Deg C). 

and is three times the coefficient of linear 
expansion for the same substance. 


During expansion, the weight remains 
constant but volume increases. Therefore 
density (mass per unit volume) diminishes. 

Effect of Heat on Water and Ice. 
If heat is taken from water, tempera- 
ture falls until it eventually solidifies into 
ice at 32° F. or o®C. When water is 
cooled, contraction takes place until a 
temperature of 39® F. (4®C.) is reached, 
but further cooling is accompanied by 
expansion. The maximum density of 
water is attained at this temperature (which 
explains why ice forms on the surface). 

When water turns to ice, expansion is 
considerable, ii cu. iix of water forming 
approximately 12 cu. in. of ice. This is 
most important from the plumber and 
heating engineer's view-point, since it is 
the cause of water pipes bursting during 
severe frost. The expansion during 
freezing does the damage, which does not 
show until the ice thaws. 

When heat is abstracted from water 
at freezing point the temperature remains 
constant until all the water is turned to 
ice. The heat thus abstracted at constant 
temperature is the latent heat of fusion, or 
the quantity of heat necessary to change unit 
mass from liquid to solid (or vice versa). 

The latent heat of fusion of ice is 
B.Th.U. per lb., which means that this 
quantity of heat must be applied to change 
X lb. of ice into water at 32® F. 

Heat applied to water (above 39° F.) 
causes temperature to rise and expansion 
to take place. The expansion is approxi- 
mately 1/23 of its bulk during a rise in 
temperature of ^o^F. to 212® F. (boiling 


into steam. Thus the boiling point at 
atmospheric pressure is 212® F., and to 
change i lb. of water into 1 lb. of steam at 
this temperature requires 970 B.Th.l;i. 
This is known as the latent heat of evapora* 
tion, or 

the quantity of heat which must be imparted 

to unit mass in order to effect the change from 

liquid to gaseous at constant temperature. 

To a heating engineer this is most 
important, since in all steam heating 
it is the latent heat of the steam which is 
actually used. 

Latent heat varies with pressure, as 
also does boiling point, and as the pressure 
is increased, the boiling point also in- 
creases, but latent heat decreases. 

Total heat is the latent heat at a 
given pressure plus the heat required to 
raise the water to the boiling point 
corresponding to that pressure from 
32® F. 

In other words it is the total heat 
required to raise the temperature of the 
water to boiling point (termed “ sensible 
heat " where it is accompanied by a 
temperature difference), plus the latent 
heat of evaporation at the pressure under 
consideration. Although latent heat 
decreases with rise in pressure, total heat 
increases continuously with pressure, since 
more sensible heat is required to raise 
the water to boiling point at higher 
pressures. 

Heat Transfer. Heat may be trans- 
ferred from one point to another by three 
methods, as follows : 

(1) Radiation, Where transmission 
takes place from one body to another 
through a vacuum or through an inter- 
vening medium without affecting the 
temperature of the medium. The laws 
governing the transmission of* heat by 
radiation are similar to those of light. 

(2) Conduction. Where heat transfer 
is affected by the transfer of heat from 
one particle to another in any substance. 
Thus heat is passed through a body from 
a hot part to a cooler part without 
iteration in the relative positions of the 
parts of the body. 

The coefficient of' conduction is the 
quantity of beat transmitted through 
I sq. ft. per hour per degree difference in 
temperature between the outside faces 
of any body or material per inch thickness. 
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(s) Convection. Where heat is trans* This type of heat transmission only 
mitted through tBe body of a substance occur with liquids or gases, where the 
by means of the motion of heated particles currents of either so set up are termed 
from one point of the body to another. “ convection currents." 

HEATING: (1) THE MODERN THEORY 

By W. E. Fretwell. F.R.San.l., P.P.I.H.V.E., M.I.Mech.E. 

The basic principles of heating, the applications of which are dealt with in later articles of this 
Group. A Colour Plate Is included. The group of articles on Heat and Heating Is arranged thus : 

HEAT, THE THEORY By Mr. Norman Wignall 

HEATING : (I) THE MODERN THEORY By Mr. W. E. Fretwell 

HEATING : (2) CENTRAL HEATING BY HOT WATER By Mr. Louis J. Overton 
HEATING : (3) CENTRAL HEATING BY STEAM By Mr. Louis J. Overton 

HEATING : (4) BY ELECTRICITY By Mr. L. C. C. Rayner 

HEATING : (5) BY GAS By Mr. J. Murray Grammar 

HEATING : (6) COMBINED CENTRAL HEATING AND 

HOT WATER SUPPLY By Mr. Louis J. Overton 

HEAT LOSS AND HEAT REQUIREMENTS OF A 

BUILDING By Mr. Louis J. Overton 

HEAT UNITS 

Associated articles of Impoitance which must be consulted Include Boiler; Calorifler; Gas Fires, etc.; 
Hot Water Supply ; Pipe Sizing: (I); Radiant Heating: (I) & (2); Radiator, etc. Special heating 
schemes are given under the headings Factory ; Flat ; Hospital ; Hotel ; Schools, etc 


To ^inderstand the theory of heatftig 
requires an intimate knowledge of certain 
technical terms, the principles of heat 
transmission and the fundamental laws 
controlling the flow of fluids. (For these 
the reader should refer to the headings 
Heat ; Hot Water.) The practice of 
heating is the application of these prin* 
ciples to the problems on hand. 

The approximate amount of heat dissi- 
pated by an adult wearing normal indoor 
dothing in surroundings at 60'’ F. is : 

Moderate hard wor^ . . 436 B.Th.U. pei hour 

Moderate sedentary work 333 „ „ 

Absolute rest . . . . 215 „ „ 

fcomfort Conditions. Human beings 
and animals produce internal heat energy 
through the (^emicaJ and physical process 
of the digestive combustion of foodstuffs. 
T^e heat* energy produced is used up 
mainly by radiation, convection and 
evaporation. For a healthy person the 
interior heat production and heat losses 
must balance. A too rapid loss of bodily 
heat is injurious ; conversely, loss of heat 
must not be unduly hampered or J -com- 
fort, fainting, and ill-health will result. 

Ignoring spedal theimd md other con- 
ditipns required for certain industrial and 
process work, the primary function of a 
" heating " or " warmiqg " installation is 
to produce "an environment ensuring a 
steady and comfortable loss of heat from 
the body, and not, as so often stated, to 


warm the occupants. Such an environment 
may be provided by (i) convection system; 
(2) " radiant " heating system ; or (3) a 
combination of both systems. 

1. Convection Heating Systems. 
Those whereby the space is filled with 
warmed air : e,g. (a) a system by which 
rooms are indirectly warmed through the 
medium of a warm air heater installed in 
a basement, heater room or other posi- 
tion ; {b) a unit hBater system ; (c) the 
warming of rooms by pipe coils or radiators 
of thf « olumn type is mainly by convection. 

Tht . i: should be present in every room 
an adequate supply of relatively cool 
moving air for respiration and other pur- 
poses, and to evaporate skin moisture and 
carry away exhaled and other polluted air. 

2. * Radiant * Heating Systems. 
Systems whereby radiant energy from 
wanned surfaces is caused to impinge on 
the body, the room enclosing surfaces and 
its contained objects : e,g. a room warmed 
by steam or hot water heated ** radiant " 
warming plates or panels ; luminous and 
incandescent electric and gas heaters ; 
open fires and the like. Radiant energy, 
by warming the room and other surfaces, 
transmits heat to the air in contact there- 
with and sets up convection currents ; such 
currents, however, are usually of a lesser 
amount than for other forms of heating. 

Heat Loss Calculations. For all 
forms of heating (jfie genera) practice is 
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to estimate the quantity of heat required 
to warm a room or other space by first 
computing by the aid of heat loss co- 
efficients {see Heat Loss) the quantity of 
heat transmitted through and lost or 
gained from the room-enclosing materials, 
to which must be added that required 
to warm the ventilating air. The cubic 
capacity of the room, multiplied by the 
air interchange figure, gives the quantity 
of air to be warmed. Temperature of 
entering air and external air is presumed 
to be the same. Internal and external 
surfaces of the room-enclosing materials 
are presumed to be at room temperature 
and external temperature respectively. 
Neither of these assumptions is correct. 

Air Interchange. The amount of air 
escaping from any room or the like cannot 
be accurately predetermined, depending 
as it docs upon differential air pressures, 
ill-fitting doors and windows, porosity of 
building materials, opening of doors and 
windows, and other varying factors. 

Some heating engineers measure the 
lineal feet of crack *’ around external 
windows and doors and employ a constant 
from which the air to be warmed is 
calculated. Specifications for heating 
should always state the air interchange 
to be provided. 

" Steady-State* Temperature Con- 
dition. This implies that the room has 
already attained the specified temperature ^ 
and that the subsequent amount of heat 
supplied to the room synchronizes with 
that escaping from it, the internal and 
external temperature conditions remaining 
constant at the temperatures specified. 

Orientation. For surfaces having a 
north or east exposure, increase the 
"steady-itate” heat loss calculations 
by about lo per cent. Some lo per cent, 
should also be added where strong winds 
prevail. 

Warming-up Period. This is the 
lehgth of time the apparatus takes to warm 
up the building and to reach “ steaay- 
state temperature conditions. It depends 
upon the thermal condition of the build- 
ing ; a new building constructed of heavy 
'material may take several months to dry 
out (about 1,000 B.Th.U. being required 
to evaporate i lb. of water). The heavier 
the building the more heat will be required 
to warm the structure and the longer it 
will take to cool dofm: on the other 


hand an empty corrugated iron building 
has but little thermal capacity. 

Churches and other buildings used for 
short periods in winter seldom reach a 
steady temperature condition, and ample 
heating surface should be provided accord- 
ingly. An addition of up to, say, one- 
third of the “ steady-state " heat trans- 
mission calculations should be provided 
in extreme cases. For intermittent 
operation of, say, 9 to 12 hours per day, 
an addition of about 20 per cent, to the 
heat required to maintain a “ steady- 
state condition should be made. 

Heating Surface Required. The 
amount of heat emitted by any heating 
element is the sum of its radiation and 
convection losses, direct or indirect. 

To maintain “ steady-state tempera- 
ture conditions, the amount of heat per 
hour to be provided for a given room is 
the same as the heat losses therefrom. 

The amount of heating surface required 
depends upon its type, surface tem- 
perature, decoration, location, and whether 
or not it is encased. In certain cases 
regard should be had to heat introduced 
by occupants and from other sources, 
such as heat gains from adjoining 
spaces, lighting, mechanically driven 
appliances, etc. 

When designing hot water and steam 
heating insttfllations the heating engineer 
usually estimates the amount of heating 
surface to be provided by dividing the 
hourly B.Th.U. losses by the average heat 
transmission per sq. ft. yf heating surface 
installed. 

For rooms heated by electrical devi/^es 
the amount of heat introduced is obtained 
by multiplying the number of Board of 
Trade Units by 3,415, the latter being the 
B.Th.U. equivalent of one kWh. 

Where gas, oil and other ' fuels are 
consumed within the room the tifeat output 
therefrom is obtained by multiplying the 
calorific value unit by the quantity con- 
sumed. The proportion of such Keat use- 
fully employed to warm the room varies, 
of course, with the type of apparatus 
installed. 

The employment of coefficients for heat 
losses through (naterials is not necessarily 
an accurate calculation of what actually 
occurs. For example, in practice heat 
loss calculations are usually prepared from 
architects* plans, and the heating engineer 
cannot be expected to know the exact 
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thermal conductivity of bricks and other 
structural materials to be used, the quality 
of workmanship employed in putting them 
together, and the manner in which the 
internal and/or external surfaces are to be 
treated, if at all. Nor is it possible to 
estimate the quantity of air interchange. 
The probable air velocity over the ex- 
ternal walls and other surfaces is also a 
matter of guesswork. For examples of 
heat loss calculations see Heat Loss. 

Principles of Fluid Circulation. 
Gravity circulation is set up by the 
warming of fluid particles which im- 
mediately expand and become buoyant ; 
in consequence of this they ascend and 
carry heat with them, their place being 
taken by cooler and heavier particles. 
Actually it is the latter which force warmer 
particles to ascend. For any given 
gravity circulating circuit the sum of the 
heights of the ascending and descending 
columns is the same. 

The product of the sum of the fluid 
density (weight in lb. per cu. ft.) and 
height 01 each vertical section of the 
descending column over that of the 
ascending column is an actual measure 
of the force in lb. per sq. ft. producing 
circulation. The imaginary system shown 
by Fig. I (in Plate facing page 496) will 
serve to explain the theory of circulation. 

The excess pressure exefted by the 
descending over the ascending column 
is 1588-239— 1578*012= 10*227, and repre- 
sents for Fig. I the circulating pressure 
in lb. per .sq. ft. 


TABLE No. II. Value of Ascending and Descending 
columns for System In Fig. I (see Plate facing 
page 496) 


Ascending Column 

1 

Section 

2 

Temp. 

3 

Height 

Density 
lb. per 
cu. ft. 

5 

Product 
of Col. 3 
& Col. 4 

A. I 
A.2 
A .3 

A 4 

140 

160 

180 

17S 

2' 0"' 

2' o'' 

2' 0* 
20' 0" 

61*388 

60-998 

60*360 

60*606 

122*776 

121*996 

121*120 

1212*1^0 

2 ()' o'' 

1378*012 

Descending Column 

I 

Section 

2 

Temp. 

“ F. 

3 

Height 

4 

Density 
lb. per 
cu. ft. 

5 

Product 
of Col. 3 
& Col. 4 

D.i 

1X2 

I >3 

D .4 

1).5 

D.6 

177 

176 

160 

139 

1.50 

142 

i' 0* 

5' 0" 

2' 0" 

5' 0" 

2' 0" 
11' 0" 
2(/ 0" 

60*630 

60*632 

60*098 

61*018 

61*201 

61-351 

60*630 
303*2()0 
121 *996 
303*090 
122*402 
674*861 
T588-23C) 


In practice, circulating pressures arc 
now generally expressed in inches of 
water at 62® F., which temperature corre- 
sponds with the British Standard Tempera- 
ture for sj)ecific gravity. The density of 
water at this temperature is 62*360 lb. 
per cu. ft. With water at this density 
the height of water column corresponding 
to a pressure of i lb. per sq. ft. is 

62^ == 019243. or, say. 0-192 in. high. 

Fuj ng. I in the Plate the equivalent 


TABLE No. I (see page 498) 

• Circulating Pressure in inches of Water Column at 62*^ F. for a Height (h) of I ft. 

By W. E. Fretwell, P.F '.H.V.E. 


Flow 

Temp. 

Retuj<n Tkmpekaturk (Degrees Fahr.) 

°F. 

180 

175 

170 

165 

160 

1.55 

150 

M 5 

140 

135 

130 

123 

120 

115 

110 

200 

-08# 

•108 

•129 

•148 

•167 

•188 

*203 

•223 


•257 

•275 

•290 

*305 

'319 

•332 

195 


*076 

*108 

*127 

*146 

•167 

•184 

•202 

•219 

•236 

•253 

•269 

•284 

•298 

* 3 ” 

190 

•040 

•063 

•(- ;4 

•100 

•123 

•144 

•161 

•179 

•196 

•203 

•230 

•246 

•261 

•275 

•288 

i «5 

•023 

•042 

•063 

•083 

*102 

•123 

•140 

•157 

•175 

•192 

•209 

•225 

•230 

* 2.53 

•267 

180 

— 

*019 

•040 

*060 

•079 

•100 

•II7 

•134 

•132 

*169 

•186 

■202 

•211 

•230 

•244 

175 

— 

— 

•021 

•040 

•060 

080 

•098 

•115 

*132 

*1 60 

•168 

•182 

•190 

•211 

•225 

170 

— 

— 

— 

*019 

-038 

•06' 

•077 

•094 

•III 

^-9 

•146 

•131 


•190 

•204 

165 

— 

— 

— 

— 

•023 

*042 

•036 

•077 

•092 

•III 

•129 

•144 

•152 

•173 

•186 

160 

— 

— 

— 

— 

— 

•021 

•035 

•056 

•072 

•090 

•108 

•123 

*131 

•152 

•163 

155 

.. . 

— 

— 

— 

— 

— 

•017 

*035 

•032 

•070 

•088 

•102 

•113 

*131 

•144 

150 

— 

— 

— 

— 

— 

— 

— 

•017 

•035 

•032 

•069 

•084 

•096 

•113 

•127 

145 

— ■ 

— 

— 

— * 

' 

— 

— 

— 

•017 

•035 

*032 

•068 

•079 

•096 

•109 

140 

— 

— 

— 


— 

— 

— 

— 

— 

•017 

•035 

•030 

•061 

•078 

•092 

135 

— 

— 

— 


— 

— 

— 

— 

— 

— 

•017 

•032 

•044 

•061 

•075 

130 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

•015 

•029 

•044 

•058 

125 



— 

— 

— 

— 

— 

1 — 

— 

— 

— 

— 

•015 

•029 

•042 

120 


... 

— 



— 

— 

— 

— 

— 

— 

— 

— 

•013 

•028 

I15 

— 

— 

— 

— 

— 

— 

— 

. — 

— 

— 

• 

— 

— 

— 

•01. ** 


•497 
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circulating pressure in inches of water 
column at 62® F., is xo-227XO’i92=i-^4 
in., and this also represents the total resist- 
ance to flow of water through the s^tem. 

Table 1 (in p. 497), calculated by the 
writer, gives the value of the circulating 
pressure, in inches of water column at 
62® F., for a height of one foot of ascend- 
ing and descending column. The terms 
ascending " and " descending " columns 
are used in place of “ flow " and “return," 
the reason for this being that the direction 
of the water flowing through these columns 
may be either up or down. Some engineers 
base the circulating pressure on the mean 
density between ascending and descending 
water columns. No fault is to be found 
with this method, which is used by 
Mr. Overton in his article on Heating: 
(2) in this work (pages 499 to 510). 
Cadculation of the resistance to flow of 
water through the pipes (or other parts of 
the system) must, however, be based on 
one or other of these methods. 

Pipe Sizing Hot Water Gravity 
Systems. All gravity hot water systems 
are “ pipe sized " for “ steady state " 
operating conditions during which flow 
and return temperatures are presumed to 
remain constant ; the heat supply then 
balances that “ lost " from the apparatus. 

Physical forces ordain that during 
circulation the circulating pressure for 
each circuit and resistance to flow of water 
through it have precisely the same numeri-, 
cal value. Pipe sizing calculations involve : 

X. A decision as to the average difference in 
temperature to be maintained between 
ascending and descending columns. 

2. The circulating pressure available. 

3. The weight of water to be circulated. 

4. The selection of pipe diameters. Ensuring that 
the total resistance to flow is within the 
available circulating pressure. 

{See further under Pipe Sizing.) 

Fig. 2 [see Plate f.p. 496) will further 
serve to explain that for every circuit the 
force producing circulation (circulating 
pressure) and the resistance to flow .pf 
water through it are identical. Circulatira 
through the ascending and descending 
colunms is presumed to be uniform at a 
mean water temperature of 180® and 
• 140® F. respectively. For these conditions 
the circulating pressure, in inches of water 
column at 62® F., for each circuit is 
obtained by multiplying the height of the 
circuit (measured as shown) by 0-152. 
{See Table I. in p. 497^ 


Radiator A. The index radiator" 
is 5 ft. above the boiler and its circulating 
pressureiss x 0-152 ==*076 in, of water col- 
unm. Its circuit comprises the boiler, pipes 
I, la, 2, 2 a, 3, 3a, and the radiator itself. 

. Radiator B is also 5 ft. above the 
boiler and its circulating pressure is the 
same as for Radiator A, or 0-76 in. of 
water colunm. Its circuit comprises the 
boiler, pipes i, la, 2, 2a, 4, and the 
radiator itself. It is interesting to note 
that the resistance to flow of water through 
pipes 4 and 4a is identical with that 
through pipes 3 and 3a, serving Radiator A. 

Radiator C is 15 ft. above the boiler 
and its circulating pressure is 15 X 0-152 
2-28 in. of water column. Its circuit 
comprises the boiler, pipes i, la, 5, 5a, 
and the radiator itself. 

For each circuit the calculated diameter 
of pipes, when canying the required 
weight of water, should be such that the 

r 

u 


Tb ctreu^atfon 
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HEATING: MODERN THEORY. Fig. 9. Accelerated 
hot water circulating eystem with pump on flow 
main (see pIso Fig. 6, p. 158, under Boiler : (6) Frulte 
In Systemi). 

Fig$. i-B are printed in Piate facing page 496. 


resistance to flow of water through it is 
within the circulating pressure available. 
This is a fimdamental principle of hot 
water circulation and applies *to gravity 
and accelerated or “ forced ” S3^tems. If 
care is taken to comply with these basic 
principles, " short-curcuiting ” is im- 
possible. 

When designing hot water gravity 
S3rstems it should be borne in mind that, 
wherever practicable, it is alwa3rs an 
advantage to mstall a “drop ” system — 
i.e. a system in which the flow main is 
carried along above the radiators, which 
are then served by d^cending water 
columips. By so doing, the maximum 
drculatjng pressure is obtained. 
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Figs.' 3 to 8 (See plate f. p. 496) show 
various circulating systems. 

Hie method of cmculating pipe sizes 
is dealt with by Mr. Overton in Heating; 
(2) and in Pipe Sizing. . 

Accelerate or ^rced Hot Water 
Circulating Systems. These are com- 
monly employed where the distance 
that hot water has to be carried is so I 
great as to necessitate " gravity ” 
mains of excessive dia- | 

meter.and are also installed iHlIB 
to overcome difficulties in 
levels. Now that electri- 
city is so generally available Return 
the usu^ method is to drcuiation. 
produce circulation by 
installing an electrically heatinq : mo 
driven centrifugal pump. 

The engineer must decide 
the head of water (circulating pressure) 
and the quantity of water to be circulated, 
and this information must be passed on 
to the pump manufacturer. 

Except that circulation is produced by 
medianicai means, the calculations in- 


be installed in lieu of an electrically driven 
pump set. In this case the steam ex- 
hausted by the turbine is often emplo}red 
to warm the circulated water by means 
of a calorifier {sec Fig. lo). The condensate 
should be trapp^ " and returned for 
use as boiler make-up water. 

To circulation 
Tithoust ^reorrh 1 ** 


Live sfeom 


rcofTh i ** 

tnape/nct pipo 
• roturnin^ conc^enco for 
"use M boi/er feecf. 


HEATING : MODERN THEORY. FIc. 10. Turbine driven accelerated 
hot water heating system using exhaust from turbine In calorifier to 
warm circulated water. 


Steam Heated Systems. The general 
physical principles of heating apply to 
both steam and hot water systems. The 
principal difference between these systems 
is that whereas a gravity hot water S5rstem 
obtains its motive force by the excess 


volved in designing an accelerated system pressure exerted by descending columns, 
are similar to those employed for a a flow of steam is due to a drop in pressure, 
gravity circulation (sdd Figs. 9 and 10). following condensation of steam, as it flows 
Where a .supply of high-pressure steam through the mains, branches and radiators 
is available, a turbine driven pump may or other heat-transmitting element. 


HEATING: (2) CENTRAL HEATING BY HOT WATER 

By Louis J. Overton, M.I.H.V.E. 

The theory of Heating having been set out in the first article of this Group, the 
present article is devoted to he^^iting by hot water Seaions are : A, Circulation; 

B, Apparatus ; C, Design of a Scheme ; D, Heat requirements ; E, Selection of 
a Scheme ; F, Choice and Use of Fuel ; G, Temperature Guarantee and Testing ; 

H, Cost Considerations ; J, Structural Requirements. See Chart facing page 504. 

The term “ central heating by hot system. These are described under the 
water" may be applied to all systems heading Boilers: (i) and (7) (5^^ pages 131 
where the warming of buildings is accom- and 160). Various kinds of fud may be 
plished by heating water in a boiler, used, such as coal, coke or anthracite , 
furnace coil or calorifier at one point of a and boilers can be manufactured or 
building, and the water so heated is adapted for oil firing or gas firing, 
circulated through pipes to pipe coils or Water for central heating can be warmed 
radiators in other parts of the building, in calorificrs (which see) by the use *bf 
the pipes and radiators trmsmittin heat steam transmitting heat from a pipe coil 
to rooms away from the point where the or inner cylinder to the water. Water for 
heat is generated. Thus, all the rooms this purpose can also be warmed in a 
in a building, or even in several buildings, cylinder by means of an immersed electric 
may be warmed from one central plant element ; this is the method used when a 
house or .boiler room. , thermal storage system (which see) is 

Heatinf the Water, There are adopted in order to take advantage of a 
numerous types of boilers in which water cheap rate at which electric current is 
may be warmed for a central heating supplied during certain hours of light 
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duty (which occur between about ii p.m. 
and 7 a.m. at the power station). 

A CIRCULATION OF THE WATER 

The circulation of the water in a 
central heating system may be by con- 
vection, due to the natural force of 
gravity ; or it may be mechanical, by 
means of a pump. Circulating pumps may 
be driven by electric motor, steam, oil or 
petrol engines, or any other motive 
power ; but as electric current is now 
available in most districts, an electric 
circulating pump is generally used. 

Gravity Circulation System. The 
circulation of hot water by gravity in a 
central heating system is due to the 
difference in density between tw* ■ columns 
of water — one column being the hot 
rising flow pipe from the top of the boiler 
and the other the dropping return pipe 
to the bottom of the boiler. 

Water is at its greatest density when 
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HEATING : CENTRAL HEATING BY HOT WATER. 
Fig. 2. Calculating average circulation height In a 
gravity circulation system in order to ascertain 
circulating pressure when two or more radiators are 
on single drop pipe (see Example in p. 501 and also 
Tables in Chart facing p. 505). 


at a temperature of 39° F., 
and if warmed above that 
temperature it expands. 
The density of water in lb. 
per cu. ft. at different 
tgnperatures is given in 
Table I in Chart. 

The force by which 
gravity will cause the cir- 
culation of water in a 
cheating apparatus de- 
pends upon the difference 
in temperature between 
the rising hot water 
colunm and the cooler 
dropping coliunn, and the 


Centre of 


Circulation 

height 

meet 

I 


greater the temperature difference the 
greater will be the circulating force. This 
circulating force is also increased in direct 
proportion to the height of the two columns. 
If the columns of water in a circulation with 
a definite temperature difference are in- 
creased to three times the height, the 
circulating force also will be increased 
three times. 

Example. Assume a radiator is placed on a 
circulation at a height of 10 ft. above the centre 
line of a boiler, as shown by Fig. i. The rising 
flow is 180® F. and the dropping return 140® F. 
Should the temperature in the dropping return 
pipe be 160® F. instead of 140® F., the circulation 
force would be reduced, due to the return water 
being lighter ; and if the height from the centre 
of the boiler to the radiator is increased from 
10 to 30 ft. the circulating force will be trebled. 

The distance at which the radiator is 
placed above the boiler is termed its 
circulation height, and the force of gravity 
available for causing a circulation is 
termed the circulating pressure. 

Circulating Pressure. This is gener- 
ally expressed in ins. water gauge (or head 
pressure), and may be calculated with the 
density table and the following formula : 

1)1 4- }3a ^ 12 =a A 

2 

Where D'= Return density. 

„ D* = Flow density. 

„ X ^Circulating |>ressui:e in inches per 
foot of circulation height. 

Example. Calculate the circulating pressure 
available for tlfe radiator as illustrated by Fig. i. 

Referring to Table I, it will be seen that : 

The return density D' at 140® F. is 6i’388. 
„ flow „ D* at 180° F., is 60-560. 

Then : ^ ^ ^ 

61-388 — 60-560 

61-388 + (>0-560 >*^' ** = X 
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Fig. 1. Factors controlling circulating 
pressure In gravity circulation system : 
circulation height of 10 ft.; flow riser at 
180® F., and return drop at 140® F. (for 
calculations, see Example abova). 


leight. 

X 10 ft. = 1-63 in. 
total circulating 
pressure. 


This means th-at the force 
of gravity is equivalent to 
a head of water 1-63 in. 
high. 

For easy reference the 
circulating pressure per 
foot of circulation height 
may be read direct from 
Table II [see Chart f.p. 
505), which includes the 
Range of temperatures 
that might be used in 
calculations for a gravity 
central heating system. 
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When* two or more radiators are placed 
on a single-pipe drop system at different 
levels an average circulation height is used 
for calculating the circulating pressure. 

Example. Assume a Rravity circulation on a 
single-pipe system serves one radiator of 40 sq. ft. 
at 10 ft. above the boiler, one radiator of 30 
sq. ft. at 20 ft. above the boiler, and one radiator 
40 sq. ft. at 30 ft. above the boiler, as illustrated 
by Fig. 2. The average circulation height can 
be arrived at in the following manner : 

Radiator 

40 sq. ft. X 30 ft. height above boiler = 1.200 

3 ^ »f ^ ft If tf ,, =* 600 

40 »f X 10 ff ff ,, =s 400 

IlQ 2,200 

2,200 ... 

= 20 ft. average circulation height. 

These calculations of gravity force form 
the basis on which correct pipe sizes are 
determined for gravity 
circulation sptems (Fig. i). 

When designing a gravity 
system it should always be izznzzzz:^.^ 
borne in iniiid that water SocMer^ 
cooled in a rising pipe 
retards the circulation, 
while water cooled in a ^ 
return pipe sloping down- 
wards or dropping assists 
the circulation. Dips in a 
pipe retard the circulation, , SocMet^^ 


^pun yarr^ yorn 


B. TYPES OF APPARATUS USED 

Practically all the types of material 
ever used for warming water, circulating 
it, and emitting lieat from it to rooms 
still exist, and may be observed in one 
building or another in every district. 
The oldest method, consisting of brick-set 
wrought saddle or Cornish Trcntham 
boilers, with circulations and coils of cast- 
iron socket and spigot |)ipes, is still 
used in horticultural buildings and in 
many public buildings, schools ancl 
churches. The j:)ipes arc cast to standard 
nominal bores, 2 in., 3 in., 4 in. and 
6 in. diameter, the 2 -in. pii)es being in 
6-ft. lengths and the 3, 4 and 6-in. pipes 
being in Q-ft. lengths. 

Joints of these ])i|^es arc made with 
spun yarn and iron filings, mixed with a 
solntion of sal ammoniac and water. Wlien 
the spigot end of a pipe has l)een inserted 
into the socket end of 
another pi])e for continu- 
at ion, a ring of spun yarn 
is inserted, after which iron 
filings mixed with the sal 
ammoniac solution arc 
packed in, then another 

^6pun yarn inserted, 

y*--- and as a finisli, more filings 

4 r I iii'C caulked inand smoothed 

off (see Fig. 3). Such joints 
^^P become 


Spf^ot 


but if they have to be intro- heating, central heating actually the strongc.stpor- 
ducedthey do not check the by hot water. Figs. 3 and 3 a. tions «t the piping. Should 
circulation much if they are casNkon'c'roiliatr^^^ a very strong solution of 


well covered with insulation 1' '* 

. . £ fii.f.g- ; (below) jo 

to keep the waccr from with spun yam and cement 

cooling in the dipped pipe. 

Care should be taken to grade the level jiipe sc 
of pipes and make connexions to radiators excess!^ 
in such a manner that the air will be jhQ 
automatically released, but where this cxce])ti 
is impracticable air taps should be titted. and rej 
Heat Emission to the Rooms of a cast-iro 
Building. In a central heating system yarn an 
the hot water circulated in pipes to the joints ti 
rooms of a building gives off heat by cement 
radiation and convection from pipp and ished o; 
radiators which may be placed ii the Heat 
rooms. ranged 

The capacity of water to absorb heat with cj 
in the boiler and emit heat to the room is coils of 
measured in British Thermcil Units on the named 
basis that in the boiler q^ich lb. of water are usi 
raised i® F. absorbs one B.Th.U., and in grating! 
the circulating pi[)es and radiators each For § 
lb. of water cooling i® F. emits i B.Th.U. by hot 


' varn gal aiumoniac be used, how- 

cement avoid CVCr, thc rUStlllg proCCSS 
ust Joint. becomes too drastic and 

pipe sockets are liable to burst through 
excessive corrosion. 


The London County Council took 
cxce])tioii to rust joints on this .account 
and resolved that all caulked joints of 
cast-iron pipes should be made with spun 
yarn and Portland cement. To make such 
joints first insert a ring of spun yarn, then 
cement, and another ring of si)un yarn, liiy 
ished off sm ooth with cement (see Fig. 3Af. 

Heat is emitted to the building by pipes 
ranged round the rooms, pipes in trenches 
with cast-iron gratings over them, and 
coils of piping with box ends. These last 
named are very unsightly and therefore 
are usually encased in with ornamental 
gratings and covers. 

For general schemes of central heating 
by hot water the boilers are now mostly 
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ot sectional type, and cast-iron pipes 
have been almost ..entirely superseded by 
wrought piping and radiators. These 
are much neater in app)earance, and the 
radiators may be obtained in such a 
variety of shapes and sizes that almost 
any decorative scheme can be worked to ; 
or by using radiator panels which are 
fixed flush with the wall or ceiling surface, 
an invisible method of heating is obtained. 

C. DESIGN OF A HEATING SCHEME 

The design of a scheme must be carried 
out to suit the particular planning of the 
building which has to be dealt with, and 
calls for perception and skill on the part of 
the engineer. If a set of plans for a building 
were handed to several expert heating 
engineers to design a scheme there is every 
possibility that the proposed schemes 
would differ in many details. 

The main points to keep in view are 
that the most simple and shortest route 
for pipes when serving a radiator is the 
best, and that complicated cross connex- 
ions of pipe circulations are. above all, 
to be avoided. 

If the scheme is to work by gravity, it 
should be borne in mind that the water 
cooling in pipes or radiators should be 
disposed in such manner that its increase 
in density helps the circulation ; and as 
far as possible the piping should be 
arranged so that air can escape freely and 
natur^y. Water contains air in suspen- 
sion and gives it off after stagnation, and an 
accumulation of air in any part of the 
system may cause water-hammer, or even 
completely hold up the circulation. 

There are several recognized designs 
for systems, which will be illustrated by 
diagrams (see also Plate /.p. 496). 

Single -pipe Ring Main System. 
(Fig. 4.)' In this there is only a single pipe 



HEATING : CENTRAL HEATING BY HOT WATER 
Fig. 4. Single-pipe ring main eyetem in which rlelng 
pipe connexione are taken to radlatore from eingle 
pipe of uniform diameter inning around building. 


of uniform diameter carried around the 
building, either above or under the floor 
as found suitable ; and from this pipe 
circulation rising pipe connexions are 
taken straight to radiators which are 
placed above the circulation. 

The branch flow connexion to a radiator 
should enter it at the top ; the return 
connexion should be from the bottom of 
the radiator at the opposite end to the 
flow, and this connexion returns direct 
to the single-pipe circulation. 

Although this is a very simple direct 
scheme, and serves very well for a large 
one-room building, it would not be so 
suitable for a building divided up into 
rooms, as the water cooled in each 
radiator returns and mingles with the 
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Fig. 6. Single-pipe loop eyatem in which Independent 
loop circulations serve each floor, and radiator 
connexions are the same as for Fig. 4. 


water in the main, reducing the tem- 
perature ; and so the last radiator on the 
• circulation must inevitably be much cooler 
than the first radiator. 

Single-pipe Loop System. (Fig. 5.) 
In this system a main riser is taken from 
the boiler with loop circulations along, the 
various floors of the building, joining into 
a dropping main return pipe to the boiler. 
Each loop circulation can be valved so 
that any section call be regulated or shut 
off as desired. The connexions to radiators 
are similar to those describecP for a ring 
main system. 

Single - pipe Dropping System. 

(Fig. 6.) This system is often found very 
suitable for private houses and some tj^s 
of building where the main flow pipe 
can rise direct to the roof space, and flow 
ih the roof space with a slight slope 
downwards, bfanching into several drop- 
pii^ pipes in convenient comers of the 
building, ^ch dfop feeding radiators on 
the variom floors. The dropping pipes 
are coUecfed into a main return, which 
can be carried below the floor, back to the 
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boiler. With this S3rstem the radiators, 
if placed near the dropping pipe, can be 
served with top and bottom connexions 
at the same end, as shown in Fig. 6 . 

It is a fact that in this scheme the cool- 
ing of the water in the flow pipe placed in 
the roof space and the cooling of the water 
in the dropping pipes to radiators at the 
higher level actually help to quicken the 
circulation, but this cooling effect must 
not be allowed to exceed a certain limit 
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Fig* 7. Two-pipe tyetem: hot water 
It carried from main flow through 
radiators and directly back to main 
return, to that no cool water from one 
radiator circulates through another. 
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HEATING: CENTRAL HEATING BY HOT WATER. Fig. 6. Single-pipe 
dropping system: main flow slopes gently downwards from high point and is 
branched to single drop pipes serving radiators; drop pipes are c>^'i<*cted Into 
main return {sge also Figs. 10 and 11 in Ciiart facing p. 50'^ 


or jthe radiators on the 
lower floor will be too 
cool for effectively warm- 
ing the rooms on that 
floor. 

Two-pipe System. 
(Fig. 7.)* A two-pipe 
system has a very dis- 
tinct advantage over a 
single-pipe system, as all 
the water which circu- 
lates through each radi- 
ator returns direct into 
a main return pipe back 
to the boiler ; therefore 
the water in the flow 
piping, even to th^ 
radiator farthest from 
the boiler, is never 
cooled by water from 
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1 I [ Fig. 8. Two-pip« 
T I f system: main fl( 
r \ I I are at low level ; 
/ \ \ I J pipes feed radlatoi 
“ V * one another, and 
empty Into w 


another radiator mingling with it. In the 
case of a two-pipe system, care must be 
taken in the determina- 
tion of suitable pipe sizes 
in order to graduate them 
properly in diameter to 
obtain a proportionate 
distribution of the cir- 
culation through the 
various radiators by pipe 
sizing alone as far as 
possible. As there are, 
however, so few standard 
diameters of pipes, this 
is not always quite prac- 
ticable, and so each 
radiator should be pro- 
vided with two valves, 
one being a lock-shield 
pattern which can be per- 
manently set for regulat- 
ing the circulations. If 
this is not done there is 
a 4)ossibility of short- 
circuiting of the circula- 
tion through the radiators 
near the boiler ; this, of 
course, would be to the 
detriment of radiators 
farther away. 

Two-pipe Rising 
Mains System.. When a 
domestic or other building 
of some height is designed 
with a basement and the 
rooms are of regular size 
placed one above th^ 
other on all floors as in- 
dicated in Fig. 8 , a system 
like this is very suitable 
because all the large main 
pipes can be carried 
below the ground floor or 
overhead in the base- 
ment, with rising pipes 
of comparatively small 
diameter serving the 



)-plpe riling mains 
flow and return 
smaller riling 
pipes feed radiators placed above 
B another, and branch returns 
empty Into main return. 
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radiators on each floor of the building. 

In a scheme of this design the radiators 
on the top floor would be liable to collect 
air and become air-locked unless the air 
taps are opened occasionally to let the air 
escape. 

An alternative method would be to run 
an open-air pipe, which need be no more 
than i or J in. diameter, from each radiator 


on the top floor, to a height above the 
level of the water-level in the feed cistern. 

Two-pipe Dropping System. (Fig. g.) 
An excellent scheme. In this the rising 
flow pipe from the boiler rises direct to 
the highest point, flows overhead on the 
top floor or in the roof space, with drop- 
ping flow pipes serving the radiators on 
the floors below. The flow pipes are 
graduated in size as each radiator is con- 
nected up, until the radiators on the 
bottom floor arc served, and there the 
dropping flow pipes end. 

Dropping return pipes start at the 
bottom outlets from the radiators on the 
’'^bp floor, and these pipes are increased in 
diameter as the returns from the radiators 
on the lower floors join into them, until 
after picking up the returns from the 
radiators on the bottom floor they are 
collected up into a itiain return carried 


under the floor or at the basement ceiling, 
back to the boiler. 

Forced Circulation Systems. When 
a circulating pump is employed any of 
the typical designs may be used for the 
scheme, but there is a preference for the 
two-pipe system with flows and returns 
of mains and branches running parallel. 

As a definite circulating pressure is 
provided by the pump, any rise and fall 
or change of levels at which the circulation 
pipes are run is of little 
consequence, the circula- 
tions can be dipped under 
or carried over doorways, 
as found desirable. 
Trouble from air lock in 
pipes is not so liable to 
occur as in a gravity 
system, because the force 
of the pump is generally 
able to carry the water 
forward and the air 
escapes at the first vent. 
It is, however, best to 
provide air taps at points 
where air might accumu- 
late. 

When a forced circu- 
lation is adopted the 
water may be circulated 
through the pipes and 
radiators at a higher 
mean temperature, as no 
drop of temperature is 
required for promoting 
circulation, as in a 

gravity system. 

D. CALCULATION OF HEAT REQUIRE^ 
MENT5 FOR A BUILDING 

The determination of heat requirements 
in the rooms of a building should be 
calculated in British Thermal Units per 
hour, but first of all definite inside and 
outside temperatures and the 'air change 
per hour must be decided upon. 

For Britain the calculations are usually 
based upon obtaining a temperature of 
6o° F. in the rooms when the temperature 
outside is 30® F. ; but in offices, dwelling 
houses and school classrooms for young 
children, 65® F. is often required inside 
the rooms when 30® F. outside. These 
temperatures should be obtained when the 
rooms are unoccupied. 

In regard to air change, it is generally 
estimated that to allow three air changes 
per hour in a school classroom is sufficient 


, ■>f/r yent 

--Feed Cistern 


Highest \ 


7\ 1 . 4 — /«€£/ Cistern 
^ /7oi¥ Pipe ih^oof Space 




Ceding 



fieturn ih Basement 


Basement 


HEATING : CENTRAL HEATING BY HOT WATER. Fig. 9. Two-pipe 
dropping system : rising main is vented at highest point ; main flow 
slopes slightly downwaMs in roof space ; drop f^eds of diminishing 
diameters serve radiators placed Qne below another; drop returns of in- 
creasing diameters carry cooled water from radiators to main return 
in basement. 
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and a similar allowance can be made for 
rooms in offices and dwelling houses ; 
but if mechanical ventilation is not con- 
templated and the decision of air change is 
left with the heating engineer, he will 
probably figure on one change of air per 
hour in each room. This is not un- 
reasonable when it is considered that the 
calculations are made on the basis of the 
rooms being empty and that each person 
in occupation would emit about 300 
B.Th.U. per hour ; thus, occupation of a 
room, while calling for more ventilation, 
provides extra heat to compensate for that 
ventilation. 

For warming the air in a room the heat 
requirements per liour are easily calcu- 
lated by multiplying the cubic contents 
of a room in feet by the number of air 
changes allowed ; then by the coefficient 
0*02, which will give the number of 
H.'fh.U. required to raise the air 1° F. 
Then multiply by the number of deg. F. 
the air has to be raised from the outside 
tempe’-eturc, and the result is obtaint^d 
in B.Th.U. The correct cocfiicic.nt for 
warming air is 

0-019 B.Th.U. will raise i cu. ft. of air F., 

but in calculations 0*02 is generally u.sed. 

Example. iic air in a room 20 ft. x 20 ft. x 
10 ft. high hai to be raised from 30** F. to 60' F., 
allowing for three air changes per hour. How 
many B.Th.U. are required ? 

20 X 20 X 10 == 4.ooo*cu. ft. 

4,000 X 3 X -02 X 30 = 7,200 B.Th.U. 

Warming the air alone is not sufficient, 
because enough extra heat has to be 
introduced to compensate for the Ic^'’ of 
heat per hour •through the building 
structure ; these losses may easily be cal- 
culiited from coefficients given in the 
article on Heat Loss (which see). 

Requirements for a House. An ex- 
ample of the calculations necessary for the 
determination of heat requirements per 
hour in tHe rooms of a private house is 
given in the Chart facing p. 504, 

The mean temperature of the water in 
a gravity hot water central heating system 
is usually about 160° F. when working at 
capacity, as it is customary to des \ a 
system to work with a flow temperature 
from the boiler of 180° F. and a return 
temperature to the boiler of 140° F. 

For a pumped circulation the same 
mean temperature of water is frequently 
used, but the flow may be 170° F., with 
a drop of 20® F. a return at 150® F. 

If the air surrounding the pipes and 


radiators is 6o* F. there will be a tem- 
perature difference between the mean 
water temperature and the air of 100° F., 
and it is generally within a very short 
range of these temperature differences that 
a hot water heating system is worked. 

Table III on the Chart shows heat trans- 
mission from uncovered iron pipes in 
B.Th.U. j)er lineal foot per hour, 60® to 120® 
F. temperature difference. 

The transmission from various t3q5es of 
radiators under similar conditions is shown 
by Table IV (printed on Chart) issued 
b}' Ideal Boilers and Radiators, Ltd. 

The tables of heat emission will serve 
for the range of tcini)craturc differences 
in ordinary use, but as the heat emission 
does not rise or fall in direct proportion 
to the temperature dillerence — being pro- 
portional to the temperature difference 
to the 1-3 power — a convenient table is 
given of the values of (see Tal)l(^ V, 
Chart facing this page). Here n re])re.sents 
the temperature difference between the 
mean tem})craturc of the water and the air 
surrounding the pipe or radiator. 

Effect of an Air Inlet Behind a 
Radiator. The effect of providing a 
fresh air inlet through an outside wall 
behind a radiator is to increase the hc'at 
emission by about 30 percent, above that 
given in the table. Such increase does not 
mean that less lusting surface will be 
required for warming a room, as extra 
incoming air has ft) be warmed. The 
extra heat emission has to be provided for, 
howcv^ ' by more pounds of water circu- 
lated, . , pipes of sufficient diameter to 
permit tlie extra pounds of water to circu- 
late, and by boiler power to cope with the 
total maximum heat emission. 

Radiators with Shelves Over, etc. 
The heat emission from a radiator is 
affected by the placing of a shelf above 
it, by it being placed in a wall recess, or 
by it being cased in with metal gratings, 
and the heat emission per sq. ft. per hour 
for loo"" F. temperature difference is showji 
in Table VI (Chart facing this page). 

Non-Conducting Covering on Hot 
Water Pipes. Although manufacturers 
of non-conducting composition, cither of 
sectional type or plastic, sometimes claim 
up to 80 per cent, insulating efficiency, it 
is not usual in calculating the heat emis- 
sion for determination of boiler power to 
allow a greater efficiency than 66f per cent. 
It is therefore custemary to calculate the 
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heat emission from pipes covered with 
non-conducting composition as being one- 
third the amount for exposed pipes. 

Painting Radiators or Pipes. The 
effect on heat emission caused by painting 
any colour or with dull or enamel finish 
appears to be negligible ; but for bronze 
powder, bronzing liquid and aluminium 
paints, about 12 to 15 per cent, should 
be deducted from the heat emission given 
in the Tables. If bronzing liquid having 
a cellulose base is used, the heat emission 
is reduced by about 17 per cent. See» 
further under Radiation. 

Surfaces Required for Radiators. An 
example of calculations is given on the 
Chart facing page 504, based on the plans 
in Figs. 10 and ii. The rooms are to be 
warmed by radiators alone ; the factor is 
160 B.Th. U. per sq. ft./hr. at 100® F. 
temp, difference. 

Disposition of Radiators. The posi- 
tions in which radiators are to be fixed 
should be governed mainly by obtaining 
the best distribution of heat. A number 
of small radiators give a better distribu- 
tion than one large one, although the total 
heating surface may be exactly the same. 

Radiators should be away from fire- 
places which might be used for alternative 
heating, and are more effective if placed 
against outside walls or under windows. 
Other conditions which influence the 
selection of positions ^for radiators are the 
facility with which they can be served by ' 
pipe circulations and, to sofne extent, the 
disposition of furniture which may be 
placed in the rooms. 

£• SELECTION AND DESIGN OF A CENTRAL 
HEATING SCHEME 

The selection of a system of heating 
depends upon the type of building and the 
purpose for which it is to be used. 

For public halls, cinemas and buildings 
where a large, number of persons will 
assemble, air conditioning (which see) 
would be most suitable. 

• For schools, halls and churches, hot water 
in pipes and radiators is usually ado^yled 
(see Plate f,p, 497), and the circulation 
accelerated by a pump when the buildings 
are straggling or the levels unsuitable for 
• gravity circulation. 

In dealing with modem factory premises, 
hot water heating with pumped circulation 
is very satisfactory, the main pipe circula- 
tions being carried overhead with dropping 
connexions to radiaters at or near floor 


level (see Plate f,p, 385). An alternative to 
use unit heaters (which see) instead of radia- 
tors. The unit heaters may be suspended 
overhead and the warm air delivered down- 
wards. When a building is to be warmed 
by unit heaters placed at a high level a 
low pressure steam system with gravity 
return is very suitable. 

Solid fuel slow-combustion stoves are 
sometimes used for engineering works 
where local heat is required and there is 
little danger from fire. 

For private houses, hot water gravity 
systems with pipes and radiators are most 
popular, fireplaces and gas or electric 
points are generally provided in important 
rooms to permit alternative heating. 
Hot water for domestic services should 
never be drawn from a heating system with 
sectional type boiler, and not more than 
one or two ordinary radiators should ever 
be worked off a direct hot water supply 
system; even then, discoloured water 
may result. Towel rails of copper tubing or 
cepper radiators do not discolour the water. 

Referring to Figs. 10 and ii (in Chart 
f.p, 504), suitable sizes for the radiators 
having been calculated and their positions 
shown on plans, the general run of pipe 
circulations can be studied. 

It may reasonably be. assumed that as 
•little pipework as possible should be 
visible in the interior of the rooms, and 
the general plan of the building and posi- 
tions of radiators suggest that a single- 
pipe dropping system would be suitable. 
The flow pipes could be carried in the roof 
space, the dropping pipes in corners and 
cased in, while the return pipes could be 
carried below the floors back to the boiler 
chamber. 

Such a scheme is shown by Figs. 10 
and II in Chart f.p. 504. As will be 
noted, a main flow riser is carried from 
the boiler direct to the roof space, where 
it is vented above the feed cistern at the 
highest point. The main flow runs in 
the roof space, sloping gently downwards 
and branching to one drop in comer of 
Bedroom 3, serving one radiator 35 sq. 
ft. in Bedroom 2 and one radiator 33 
sq. ft. in Bedroom 3. This drop then 
continues through the Kitchen and 
serves one radiator 20 sq. ft. in Dining- 
room. Another ^rop is taken in comer of 
Bedroom 2 and comer of Dining-room, 
serving a radiator 20 sq. ft. in Dining- 
room. The.se two dropping pipes join 
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into a return pipe under the floor back 
to the boiler. 

A dropping pipe is carried in comer of 
the Landing, serving one radiator 36^ sq. 
ft. in Bedroom 4 and one radiator 30 sq. ft. 
on Landing. The drop then continues in 
comer of Hall, serving one radiator 38 J sq. 
ft. in Lounge and one radiator 30 sq. ft. 
in Hall ; then returns below floor. An- 
other pipe drops in comer of Bedroom i, 
serving a radiator 50 sq. ft. in that room, 
and then continues dropping in corner of 
Lounge, serving one radiator 38J sq. ft., 
and afterwards is carried below the floor, 
joining into the return from the drop in 
Hall, and then continues back to the 
boiler. The small radiator in Scullery 
is served from this return pipe. 

The central heating scheme for the 
house in Figs. 10 and ii (in Chart /. p. 504) 
has now been designed, and suitable dia- 
meters for the pipe circulations can be 
determined. 


Total Circulating Pressure. The 

loop circulation A which serves the 
radiator in Bedroom i and far radiator in 
Lounge is undoubtedly the “ index loop," 
as the travel is the farthest from the 
boiler. The average circulation height of 
this loop is obtained thus : 

I radiator 50 sq. ft. x 10 ft. above boiler * 300 

^ »» 3^^ »» X o »$ n “ ^ 

500 

500 

gg- «= 5*6 ft. average circulation height. , 

Based upon a 40® F. drop in water 
temperature, the circulating pressure due 
to the radiator height is : 

5*6 X *163 = -9128 in. 

To this may be added the circulating 
pressure obtained by a 10° F. tempera- 
ture drop in the pipe in roof space at a 
circulation height of 10 ft. 

10 ft. X ‘044 = ‘4400 in. 

Total 1’3528 in. 


No reduction will be permissible in the 
size of the radiators because of the heat 
from pipes helping to warm tlie 
rooms, as the flows are in the roof space, 
the dropping pipes will be cased in, and 
the return pipes under floor covered 
with non-conducting composition. 

Calculation of Approximate Pipe 
Sizes. First ascertain the pounds of water 
to be circulated through, each pipe, 
based upon 40° F. temperature drop. The 
radiators were taken as emitting 160 
B.Th.U. per sq. ft. per hour, and with a 
40® F. temperature drop the water which 
would require to*be circulated per hour 
for each sq. ft. of radiator would be : 


This would not be sufficient, because 
enough extra water has to be circulated 
to make up for the heat emission from 
the pipes 1 but as these have not yet 
been sized an approximation must be 
made and about 5u per cent, added on for 
transmission from pipes, which brings 
the amount of water per sq. ft. of radiator 
surface to 6 lb. 

The amount of water per hour through 
each pipe can now be marked on the plans : 

Loop circulation A 88} sq. ft. X 6 531 lb. 

„ M B 135 • X 6 810 lb. 

„ C 20 ,. X 6 120 lb. 

D 88 8X6 528 lb. 

Radiator in scullery z8 „ X 6 108 lb. 

See further under Pipe Sizing. 


Travel of Index Circulation. The 

travel of the “ index circulation ” from 
the boiler around loop A and back to the 
boiler is 180 ft., and adding 25 per cent, 
for resistance of valves and fittings the 
total travel is 225 ft. 

The average circulating pressure per 
10 ft. of travel will be : 


1*3528 X , . 

— - - = *06 in. per 10 ft. 

225 ^ 

Suitable diameters of all the pipes may 
now be taken from the friction table 
(Table VII in Chart f.p. 505). 

The irculation pipes have now been 
approx i lately sized, but to make quite 
sure that the pounds of water to be circu- 
lated were correctly approximated a 
check can be made by working out the 
total heat emission from pipes and 
radiators. This will also be required to 
arrive at the necessary boiler capacity. 

Connexions to Radiators, vhxcre 
connexions to the radiators are taken 
from a single-pipe circulation, they may, 
if near the main pipe, be sized as 
follows : 

Sq. ft. Sq. ft. 

To radiators up to 18 }-in. dia. 

„ „ over 18 and up to 40 } „ 

,, ,, »• 4® »* *» 72 1 »» »» 

,, ,, »» 72 f» f* »» 1^2 1} ,, ,, 


}-in. dia. 

f f » f * 


If the radiators are a little distance 
from the main pipe the diameter should 
be a size larger. 
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Capacity of Boiler. Manufacturers 
of sectional boilers for central heating 
always advocate that an extra section, or 
about 20 per cent, margin of capacity 
should be allowed when selecting a boiler. 
This does not mean that the boilers are 
over-rated, but it allows a margin for 
first warming up from the cold state. 

When an apparatus is started up, the 
air around the pipes and radiators may be 
very cold ; owing to a big temperature 
difference the heat emission will be very 
large, and the boiler has to cope with this. 
When the air around pipes and radiators 
has been raised to about 6o° F. (normal 
working conditions), the heat emission is 
reduced and the margin of power pv ssessed 
by the boiler enables it to be stoked very 
moderately for maintaining the required 
result. For the example given in the 
Chart (Figs. lo and ii), 
dealing with an instal- 
lation for a private house, 
the heat emission from 
pipes and radiators has 
finally been calculated as 
79,810 B.Th.U. Adding Ca/^/ 

25 per cent, to this, the 
suitable capacity of the 
boiler will be 95,772 
B.Th.U. per hour, and one 
may be selected which is 
listed near this capacity. 

Pipe Connexions to 
Boiler. If the distri- 
bution of heat is to be 
effected by one or two 
circulations from a sec- 
tional boiler, it is best to 
take the main rising flow 
pipe from the top of a 
section near the back sec- 
tion, at a point where the 
most fierce heat from the 
furnace will impinge {see 
Fig. ii). The main flow 
should preferably be taken to the highest 
point of the circuit and then divide up into 
branch circulations if required. The retuins 
of circulations should connect to the boiler 


intense heat. Fuels, such as wood, coal,* 
coke or oil, are accordingly used for firing 
boilers for heating or hot water supply. 

The selection of any particular type of 
fuel depends very much upon its price 
compared with other fuels and the ease 
with which it may be obtained. Each type 
of fuel which can be used has a certain 
calorific value which represents the 
B.Th.U. available from each lb. of the 
substance. 

For instance : 


Wood has a calorific value of 
Coal „ 

Coke „ 

Oil 


B.Th.U. per lb. 
^,200 to 5,600 

12.000 „ 14,000 

10,200 „ 13,200 

18.000 ,, 19,000 


f/o^ 


Return 



Co/<t feecA 


ffeturri^ 


These calorific values of fuel are 
ascertained by tests in which a small 
sample of the fuel immersed in water 
is subjected to per- 
fect combustion by 
electric ignition. The 
temperature of the water 
discloses the calorific 
value of the fuel as : 

I lb. water is raised i® F. 
by T B.Th.U. 

The selection of a me- 
dium for heating does not 
entirely depend upon the 
price of fuel and its calo- 
rific value, because what- 
ever method is adopted 
for generating and trans- 
mitting heat there is sure 
to be some waste, such 
as hea!t passing to a 
boiler flue, and so 100 per 
cent, efficiency from luel 
is seldom — if ever — 
obtained. 

Manufacturers of 




near the front section and at each side. 

* F. CHOICE OF FUEL AND ITS USE 

Heat is the lowest form of energy, as 
mechanical or physical work degenerates 
into heat. The combustion of fuel, when 
by ignition oxygen combines with carbon, 
produces a chemical action which generates 


HEATING : CENTRAL HEATING BY HOT 
WATER. Fig. 12. Flow and return con- 
nexions to a sectional boiler, the latter being boilers and all apparatus 
shown in elevation and plan: mam flow . “T 

riser is taken from section near back, and lOr generating ^nd trans- 
returns connect to one near front. heat have a defi- 

nite object, which is to obtain the highest 
efficiency from the fuel used, and to design 
the apparatus to be worked with a fuel 
which will be cheap and still have a high 
calorific value. 


If heat is required for warming a build- 
ing or the supply of hot water — then to 
obtain that heat a certain amount of solid, 
liquid or gaseous, fuel or electric current 
has to be used, and the apparatus which 
will enable this heat to be distributed in 
the most agreeable, easy and economical 
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manner is the one to select (see further 
under Fuel). 

Relation Between Heating and 
Ventilation. To restrict ventilation in 
order to economise warmth is a very 
common mistake and often causes some 
methods of warming to be brought into 
disrepute. 

The open fireplace is an excellent venti- 
lator but a waster of heat. A room heated, 
but not ventilated, becomes stuffy, and the 
occupants experience discomfort ; this is 
not surprising, as heat is given off to the 
extent of about 300 B.Th.U. per hour 
from each person. Heating and ventilat- 
ing must be arranged conjunctively in 
order to give conditions of comfort. 

Need For Air Conditioning. Under 
certain conditions of climate or circum- 
stances it might be impossible to keep the 
interior of a room or building comfortable 
for occupation by warming and ventila- 
tion alone ; some cooling medium and air 
humidifying or de-humidifying is neces- 
sary. This process embracing filtration 
and 'vao*.lx*g of the air, cooling or heating, 
humidifying or de-humidifying, is termed 
Air Conditioning. It is described under 
that heading in Vol. I. 

G. TEMPERATURE GUARANTEE TESTING 

It could not be expected that anycnc 
purchasing a central heating apparatus 
would do so without receiving some 
guarantee that the desired result would 
be obtained ; and the heating engineer 
should bear in mind that a little extra 
heat given will be more satisfactory than a 
shortage of heat. • 

Although the data and coefficients 
giv?n have been in practical use for a long 
time, there have been no demonstrations 
that they are incorrect. Failures to obtain 
satisfactory temperature results can be 
usually traced to one or a combination of 
some of th® following reasons : 

(a) Under-estimation of the heating 
surface requiicd. 

(b) A greater air change in the rooms 
than has been allowed for. 

(c) Insufficient boiler power, or in^ nor 
fuel or stoking. 

(d) Bad draught of a chimney. 

(^) Incorrect pipe sizing. 

(f) Bad design of a scheme causing 
air pockets, or lack of circulation 
pressure. 

When giving a f, uarantee the statement 
should be avoided that an apparatus will 


give a certain number of deg. F. inside the 
building above the outside temperature, 
because the temperature obtained in a 
building by a heating apparatus does not 
rise in direct proportion to the outside 
temperature. The guarantee should clearlj^ 
state that a definite inside temperature 
will be obtained when a definite tempera- 
ture prevails outside — say, 60® F. inside 
when 30® F. outside. 

Since a test cannot always be arranged 
for a time when there is a specified tem- 
perature outside, a comparative scale 
of inside and outside temperatures 
can be used — see Vol. Ill, page 928. It 
deals with outside temperatures from 
20° F. to 65® F. and consequent inside 
temperature results, based on a specified 
internal temperature of 60® F. when 30® F. 
outside. Thus : 

Internal 57® F. ; 60® F. ; 62® F. ; 65® F. ; 67® F. 
External 25® F. ; 30® F. ; 35® F. ; ^o® F. ; 45® F. 

The guarantee should state the number 
of air changes per hour which have been 
allowed for in the rooms of a building, 
because excessive leakage or mechanical 
ventilation may easily cause failure to 
obtain a satisfactory inside temperature if 
no allowance has been made for such 
conditions. 

The temperature of 30° F. outside as a 
standard for testing is better than 32® F. 
which is so frequently used, because at 
32° F. drastic changes in outside conditions 
may be taking place,* such as ice and snow 
turning to water, when every lb. of ice 
turniiij:^ *^0 water takes up 142 B.Th.U. 
latent h t. This has a marked effect upon 
temperatures and conditions of comfort. 

H. GENERAL CONSIDERATIONS OF COST 

The cost of heating a building should be 
considered on two points, viz. : 

Initial cost of installation. 

Cost of maintenance and running ex- 
pense in fuel consumption and labour. 

The cost of a heating apparatus does 
not vary much for different schemes of 
hot water, s^eam or unit heater .system?. 
These are moderate in cost of installation, 
they can be worked with a cheap type of 
fuel and call for very little attention and 
labour. 

Installations worked by gas or electric 
radiators may be installed probably at 
less cost, but although the labour cost is 
less, the price of gas or electric current 
wUl probably increase working expense 
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to a figure above the fuel and labour 
costs of an ordinary coke-fired apparatus. 

Speculative Building. When houses 
are being built for sde the gas and 
electric companies often provide points 
at an exceedingly moderate cost, and if a 
gas or electric water heater is provided 
it then rests with the tenant or purchaser 
to face the cost of gas or electric current. 

It is very seldom that a dwelling-house 
built for sale has a complete central 
heating system installed ; it is more 
likely that a small independent hot water 
supply boiler will be directly connected 
to a storage cylinder, and possibly a 
towel rail may be provided in the bath- 
room. and a radiator in the entrance hall. 
These cost very little^ and are very 
attractive to a prospective purchaser. 

STRUCTURAL REQUIREMENTS 

For large buildings the boiler house 
should be commodious, with doors or 
passages wide enough to admit the 
various parts of the heating plant. 
There should be direct communication 
with the outer air, as fresh air supply 
is very essential for the perfect com- 
bustion of fuel. The chimney should be 
lined with firebrick, and have an air 
space between the firebrick and the main 
brickwork. It should be of the correct 
height and inside area. There should be a 
cleaning door at the foot of the chimney, 
and the boiler flue connexions should 
be built-in perfectly airtight and not 
allowed to project inside ^the flue and 
restrict the area. For suitable dimensions 
of chimneys, see Chimney : (i) pp. 228-231. 


Care should be taken that accommo- 
dation is made for high-level cold water 
storage tanks of suitable capacity. The 
building should be constructed to give 
proper support for these, and the tanks 
should preferably be situated near the 
main chimney shaft or in a position where 
they cannot be affected by frost. 

The builder should provide the cold 
water storage cisterns and lay on the cold 
water from the main supply to them, but 
the heating engineer usually provides the 
combined feed and expansion cistern, 
and the connecting pipe to his apparatus. 

Positions and sizes of any trenches, 
chases and holes through walls or floors 
should be given to the builder, in order 
that early preparations can be made, as it 
is very difficult and costly to cut holes 
through ferro-concrete when it is once 
set, but quite simple to make good after 
the pipes have been placed in position. 

When town gas is to be used as a fuel, 
arrangements should be made with the 
gas company to supply the meter and run 
necessary piping to boiler or heater. 

In many districts gas is available for 
heating purposes at a much reduced cost. 

When electric power is required for 
either heating, driving fans or circulating 
pumps, the electric supply company 
should provide the mains and the neces- 
sary meters jand main switches. Electric 
current for power is generally supplied 
at a cheap rate, and if used for heating 
water on the thermal storage system the 
current taken at certain periods may be 
considerably cheaper. • 


HEATING: (3) CENTRAL HEATING BY STEAM 

By LouPs J. Overton, M.I.H.V.E. 


Stating the heat requirements of a buiiding to be warmed, and giving tabular and 
other information about properties of steam, emission from pipes and radiators, 
etc It includes the design of a Steam Heating Scheme. See Boiler ; o/sd Steam. 
For a method of warming a faaory under steam pressure see Faaorles : (3) 
Heating, page 390A. 


When a steam heating system is to be 
installed in a building the heat require- 
ments in British Thermal Units per hour 
should be calculated in exactly the same 
manner as for a hot water system. 

There is not the same heat lag with 
steam heating as there is with hot water. 
The water takes longer to absorb and 
distribute the heat, while steam gets up 
full heating temperature very quickly 
and then as quickly cools down. The speed 


with which steam heat can be raised and 
distributed and the speed of cooling down 
are an advantage, but the heat lag of a 
hot water system (which does not fluctuate 
so quickly and takes longer to cool) is 
ilso an advantage. 

Pressure of $team. Steam at 0 lb. gauge 
pressure contains 11507 B.Th.U. in i lb., 
and of this 97^7 S.Th.U. axe latent heat. 
Steam at 200 lb. gauge pressure contains 
1204*8 B.TftU. in I Ib,^ and of thig 
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8427 B.Th.U. are latent heat. This and 
other readings may be taken from Table I. 

Table I. 


Properties of Steam 


Gauge 

pre.ssure 

Temp, 
in deg. 
Fahr. 

Latent heat 
B.'rh.U. 
per lb. 

Total heat 
above 32® F. 
per lb. 

o 

2 I 2‘0 

970-7 

1150-7 

0*3 

2130 

970*2 

1151*2 

1*3 

2 i 6*3 

968-1 

1152*5 

2-3 

219*5 

966-2 

1153*7 

3*3 

222'4 

964-4 

1154*9 

4*3 

225-2 

962-6 

T1560 

5*3 

228-0 

961-0 

1157*1 

6*3 

230-6 

959*4 

1158*1 

7*3 

2331 

957'8 

1159*1 

8*3 

235*5 

9563 

1 160-0 

9-3 

237-8 

954'8 

1160-9 

10*3 

240-1 

953*3 

1161-7 

11*3 

242-2 

952*0 

1162*5 

12*3 

244*4 

950*7 

1163-4 

13*3 

246-4 

949*3 

1 164*1 

M*3 

248-4 

948-1 

1164 y 

15*3 

250*3 

946-7 

1105-5 

20*3 

259*3 

941-0 

1 168-8 

25*3 

267-3 

935*6 

1171-6 

3^3 

2745 

930*8 

1174*1 

40*3 

287‘i 

922-0 

1178-3 


2 ()8 -o 

914-4 

Ii 8 i *8 

60-3 

307-6 

907*5 

1184-7 

70-3 

3if''3 

goT-i 

1187-3 

8°-3 

324-1 

894-1 

1189-7 

99‘3 

337‘4 

883*9 

1193*3 

M9-3 

365-6 

862-0 

1200-1 

2003 

3H8-0 

842-7 

1204-8 


For an extended table see under 
heading Steam. • 

As the greater part of heat given off by 
steam is due to condensation releasing 
the latent heat, there does not appear 
to be much advantage in using stcani at 
a high pressure for heating purposes. 
Even exhaust steam emerging at zero 
pressure from an engine exhaust gives up 
970 B.Th.U. per lb. when condensing to 
water. 

In countries where buildings are carried 
to a very great height, the head pressure 
on a hot Vater heating boiler would be 
considerably more than the steam pres- 
sure which would be required to distribute 
steam through pipes and radiators. For 
example, if a building is 500 ft. high the 
head of water would be about 215 11 per 
sq. in., while a steam boiler could wanri 
the building with steam at an initial pres- 
sure of about 10 lb. per s<l in., and there 
would be no heavy weignt of water in 
radiators and pipes on the many floors of 
the building. 

Emission of Heat from Steam. The 

initial boiler pressure and temperature 


cannot be expected to extend far into the 
pipes and radiators of the heating system, 
for in the act of emitting heat the pressure 
and temperature will drop as condensation 
takes place. Therefore it is usual to base 
calculations for pipes and radiators on 
a temperature difference of 155® F. or 
160® F. between the steam in the pipes 
or radiators and the air surrounding them. 

Table II gives heat emissions from 
steam pipes, based upon steam at 215° p. 
to air at 60® F., and steam at 220® F. to 
air at 60® F. Any emissions due to varia- 
tions of temperature difference can be 
calculated from Table III in Heating 
Chart facing page 504. 

Table 11 . 


Transmissions from Steam in Iron Pipes in B.Th.U. 
per lineai foot per hour. 


Nominal 
dia. of pipe 

155" F. 

Difference 

160° F. 
Difference 

i in. 

99 

103 

1 M 

123 

129 

I M 

141 

147 

n M 

173 

180 

li .. 

194 

202 

2 „ 

228 

238 

2i .. 

272 

283 

3 

331 

345 

4 

409 

426 

5 ,, 

500 

522 

6 M 

585 

610 


For radiators the manufacturers issue 
data about heat emission from their 
various patterns ; the following Table III 
refers to “ Ideal Radiators manufac- 
tured by Ideal Boilers & Radiators, Ltd. 

Table 111 . 


Transmi * sns from Steam in Radiators in B.Th.U. 

per sq. ft. per hour. 


“ Ideal '' 
Radiators 

155" F 

difference 

160® F 
difference 

Neo-Classic 2 Column . . 

327 

340 

do. 4 

300 

312 

do. 6 

282 

294 

do. Window . . 

278 

290 

Hospital 3 in. 

327 

340 

do. 5i.. 

278 

290 

do. 7L. 

264 

275 

Cla.ssic Wall 

300 

312 

Plain Wall (bars vertical) 
Plain Wall 

282 

294 

m 

(bars horizontal) 

I8I 

189 

Plain Single Column . . 

282 

294 

.. Two 

275 

287 


I I. * • • I - / ' — / I 

k. STEAM CENTRAL HEATING METHODS 


The use of steam for heating buildings 
has been practised for many years. At 
one time the motive power for driving 
machines in workshops and factories, and 
the supply for laundry and cooking in 
large institutions, vias always produced by 
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steam generated at about 50 to 100 lb. 
pressure in large steam boilers — ^generally 
of the Cornish or Lancashire type, set in 
brickwork. 


If heat was required in any workshop, 
office or room it merely meant that a 



HEATING : CENTRAL HEATING BY STEAM. 
Fig. 1. Single-pipe steam heating system with gravity 
return : single risers connect radiators with steam 
main, which slopes downwards from highest point at 
top of main riser. 

branch was taken from the main steam 
pipe to a line or a coil of piping in the 
room to be dealt with, and a small valve 
at the lowest point of the coil would be 
left slightly open to allow the water of 
condensation to trickle out. This water 
of condensation, at about 212° F., was 
sometimes collected in a tank, and where 
conveniently possible would be used as 
boiler feed water. If this was not prac- 
ticable the hot water was used for other 
purposes or run to waste. 

Such heating systems worked quite 
well, for the pressure of the steam forced 
air and water before it until the air and 
water were both expelled through the 
slightly open end and the coil was filled 
with steam. 

Today in many buildings where 
machinery is installed no steam is re- 
quired, as the motive power is provided by 
electric motors. Under these conditions, 
where a steam boiler is needed for a heating 
apparatus alone, there would be no par- 
ticular object in providing steam at a high- 
pressure. Therefore a sectional type of 
steam boiler is quite suitable. 

Steam pipes carried overhead in work- 
shops or baths are very serviceable in the 
counteraction of down draughts and of 
atmospheric condensation on ceilings, but 
Jieating by steam pipes carried solely 
overhead is often very unsatisfactory. 

Schemes with Pipes and Radiators. 
When radiators and pipe connexions from 
a steam boiler are used for central heating 
in a building, the design of a scheme may 


be very similar to a hot water heating 
system, and generally steam systems may 
be classed under the following headings : 

Single-pipe Gravity Return System. The 
general principle of this system is illus- 
trated by Fig. I. From the boiler a 
single-pipe circuit is taken, the return 
being taken into the bottom of the boiler ; 
a non-return valve is fitted near the boiler 
to prevent pressure forcing water out of 
the boiler along the return pipe. From 
the single circuit pipe, rising single pipe 
connexions are taken to the bottoms of 
radiators ; automatic air valves at the top 
of the radiators allow air, but not steam, 
to escape. Similar schemes are used in 
America, but not much in Britain, where 
the two-pipe system is generally installed. 

Two-Pipe Gravity Return System. In 
the design of a steam system of heating 
it is advisable to provide for draining the 
water of condensation from a steam pipe 
or radiator as soon as possible, and to 
slope the pipes so that steam and water of 
condensation both travel together in the 
same direction until the water can be 
drained through a steam trap or run back 
into the boiler by gravity. 



Fig. 2. Two-pipe steam heating system with gcavity 
return : risers, from downward sloping main enter 
radiators at top ; branch returns carry water of 
condensation from steam traps to main return, and 
thence to boiler (see also Fig. 6). 


Fig. 2 shows a two-pipe gravity return 
system. The main steam pipe rises from 
the boiler, and the horizontal distributing 
pipe slopes downwards with branches to 
radiators ; at the end of the steam main a 
trap allows water of condensation from 
the main to enter a return pipe. The 
steam connexions to radiators enter at the 
top, and a steam trap at the bottom of 
^ach radiator allows water of condensation 
to empty into a main return pipe to the 
boiler, where It enters the boiler through 
a non-return valye. 

Except in a few instances where steam 
pipes rise vertically, the steam and water 
formed by condensation travel in the same 
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direction, and there should be no noise 
caused by conflict between steam, air and 
water, which so often occurs in badly 
designed steam systems. 

Two-pipe Open Return System. It is 
evident that if the boiler is worked at a 
pressure higher than the water head 



HEATING : CENTRAL HEATING BY STEAM. 
Fig. 3. Two-plpo steam heating system with open 
return and pumped boiler feed, used when water 

of condensation cannot return by gravity. 

pressure of the condense return, the water 
of condensation cannot return by gravity 
to the boiler, and in such case an open 
return system is used. Fig. 3 shows a 
two-pipe system with open return. The 
main strotn pipe is taken from the tdp 
of the boiler and distributes to the radia- 
tors. The water of condensation released 
through steam traps from the radiators 
is collected into a main return pipe, 
similar to a gravity return ; but in this 
case the main condense pipe delivers into 
a condense water cistern, whence the hot 
water is pumped back into the boiler. 

Vapour and Vacuum Systems. There are 
several methods having distinctive titles 
and protected by certain patent rights, 
which are used in^ connexion with stcaio 
heating. They mainly deal with the use 
of ^haust steam or steam at a very low 
pressure, and with the collection by means 
of a vacuum pump of the v ater of con- 
densation for return to the boiler. 

Steam Heated Calorifiers. Steam can be 
used in calorifiers either for heating water 
for hot water heating circulations, or for 
heating water for baths and domestic 
services. All the water of condensation 
from calorifiers is pure, and suitable for 
pumping back into the boiler. 

Exhaust Steam Used for Heating. \ ; en 
exhaust steam issues from an engine it is 
without pressure, but still has most of 
its original heat value. Sometimes it is 
delivered in pipes to the radiators of a 
heating system, and by means of a vacuum 
pump acting on the condense outlets from 
the radiators an excellent distribution of 
heat is obtained. 
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Exhaust steam is often used for heating 
water in calorifiers, and when this is done 
the steam should first be passed through 
a grease eliminator, as where the water 
of condensation is returned to the boiler 
it should not contain any suspended grease. 

The average amount of heat in exhaust 
steam from an engine is about 27,720 
B.Th.U. per hour per horse power. 


B. LOW PRESSURE STEAM SECTIONAL 
BOILER AND CONNEXIONS 

Many types of sectional boiler may be 
used for either steam or hot-water heating 
systems, the only difference being that 
on a boiler used for steam a glass gauge 
has to be fitted which shows the water 
level inside the boiler, and instead of a 
thermometer a dial steam pressure gauge 
has to be provided. 

The rating of a steam boiler in B. Th.U. 
per hour is exactly the same as for a 
hot water boiler of the same pattern, 
size and boiler heating surface. 

Although theoretically only a small 
diameter main steam riser from the top 
of the boiler may be required, it should 
actually be kept for a short distance the 
same diameter as the outlet flange on the 
boiler, which is always fairly large. The 
reason for this is to prevent steam passing 
from the boiler at too high a velocity and 
carrying with it water from the boiler. 

Above the sectional steam boiler a 
header pipe of full l^oiler outlet diameter 
should be formed, and from this the main 
steam . ^se taken of correct diameter for 
supply! the steam to the heating system. 
From th . bottom of the header pipe above 
the boiler a pipe should be taken down 
and connected to the boiler at a low level 
(see Fig. 4). This pipe connexion is to 
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Fig. 4. Pipe connexione to low pressure steam sectional 
boiler : main supply rises from header above boiler, 
and balancing pipe is carried down to bottom of 
boiler to equalize pres^re ; return enters boiler 
opposite balancing pipe. 
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equalize the pressure, and is called a 
balancing pipe. 

On the condense return pipe, well above 
water level, a rising vent pipe should be 
taken and provided at the top with an 
automatic air vent, which will allow air 
to pass but not steam. 

Boiler Feed. A steam boiler, while 
in operation, may be replenished with 
water from any supply 
which has a head pressure 
greater than the working 
pressure in the boiler. 

Many boilers have been 
fed with cold water merely 
by a connexion direct 
from the district main 
water supply, when the 
turn of a vaJve by hand 
admits water to the boiler, 
but this method is not 
usually allowed by muni- 
cipal authorities. 

When feed water is 
supplied from a tank at 
sufficient height above 
the boiler water line, it 
may be admitted by 
opening a valve ; but water may be admitted 
automatically to the boiler as required 
by installing an " Ideal " immersed-valve 
automatic boiler feeder, as illustrated by 
Fig- 5- 

This appliance is placed alongside the 
boiler at the level otf the water, and as 
the water drops, a ball valve in the feeder 
opens, admitting water to the boiler ; 
it closes again when the water reaches 
the correct level. A by-pass connexion 
is provided, to enable the boiler feed to 
be operated also by hand. 

When the steam pipes and radiators 
used for heating are at the same level or 
below the water level of the boiler, the 
water of condensation should be collected 


into a tank from which the conden^ water 
and any new water required is delivered 
into the boiler by a boiler feed pump. 

C DESIGN OF STEAM HEATING SCHEME 

In the design of a steam heating system 
it is desirable to carry the main steam pipe to 
the highest point of distribution, and from 
that point the water of condensation, as it is 
formed, should run down- 
wards by gravity, as it 
is collected from the radi- 
ators. Fig. 6 shows four 
radiators, each having 
40 ft. of heating surface, 
connected up by steam 
and condense pipes to a 
sectional steam boiler, 
for a gravity return steam 
heating system. The 
general idea on which 
such a system is designed 
is to carry a vertical 
steam pipe from the 
steam header over the 
boiler to the highest dis- 
tributing point (marked 
A), and from there the 
steam pipe slopes downwards with rising 
connexions to the top of each radiator. 

At the bottom outlet of each radiator 
is a steam trap, and another steam trap is 
placed at the extreme end of the main 
steam pipe, draining the condense water 
into the return pipe ; the latter also 
collects the water of condensation from all 
the radiators. The main return slopes 
downwards towards the boiler, drops, and 
enters the boiler well below the water 
level. A non-return valve is fixed on'the 
main return just before it connects to the 
boiler. 

Calculating Pipe Diameters. The 

general arrangement of steam and con- 
dense pipes — shown by Fig. 6 — ^may be 



HEATING : CENTRAL HEATING BY 
STEAM. Fig. 5. ** Ideal** Immerted-valve 
automatic boiler feeder for supplying cold 
water to boiler : useful where steam 
pressure is less than 20 lb. and water 
pressure is less than 35 lb. and is constant. 

W.L.“ water line. 

IdMl Hoilera and Radiaton, Ltd. 
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HEATING: CENTRAL HEATING BY STEAM. Fig. 7. Calculating pipe diametera for steam heating •ystem : 
curved lines represent required diameters for given B.Th.U. when average pressure drop per 10 ft. is known 
(see text for calculations). Diagram is continued in Fig. 8, below. 


used for illustrating a method of calcu- 
lating suitable pipe diameters, in thf 
follov’ing ^^vanner : 

The steam trap, at the lowest level 
above the boiler, is about 8 ft. higher 
than the water level in the boiler. This 
gives a maximum head pressure of 8 ft. in 
water of condensation, equivalent to : 

8 ft. X o'43 = 3*44 lb. per sq. in. 

If the steam boiler is worked at 2 lb. 
pressure per sq. in., a gravity return would 
be possible ; and if J lb. pressure of steam 
is allowed for at the valve of the farthest 
radiator (No. 4), the pressure drop between 
the outlet from th% boiler and the valve 
of radiator No. 4 would be ij lb. It is 


found more convenient to express this 
in total pressure drop and the average 
pressure drop per 10 ft. of travel in 


equivalent inches water gauge, 
case the total water gauge is : 
1-5 X 12 in. 


In this 


•43 


42 in. total water gauge. 


The travel of steam from the boiler to 
radiator No. 4, including 25 per cent for 
resistance of fittings, etc., is 160 ft., and 
the average pressure drop per 10 ft. of 
travel is : • 

42 in. 


160 


X 10 _ . 

= 2*6 in. 


The c ount of heat required (in British 
Thermal Units per hour) which has to be 


FLOW OF STEAM IN PIPES (LOW PRESSURE) 
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supplied through each steam pipe should 
be marked on the diagram. The heat 
required can be based upon the heat 
emission from radiators plus an approxi- 
mate percentage for heat emission from 
the steam pipes. 

Assuming radiators having a heat 
emission of 300 B.Th.U. per sq. ft. per 
hour have been selected, then each 
40 sq. ft. radiator will emit : 

40 X 300 == 12,000 B.Th.U. 

Add to this 25 per cent, for per hour 

emission from pipes = 3,000 .. 

Heat required per radiator =* 15,000 „ 

Referring to Fig. 6, p. 514 it will be 
noted that: 

The steam pipe serving radiators : 

Nos. 3 and 4 . • . . carries 30,0* o B.Th.U. 

Nos. 2, 3 and 4 . . „ 45,000 „ 

Nos. I, 2, 3 and 4 . . „ 60,000 

Knowing the B.Th.U. to be supplied by 
each length of steam pipe and the average 
pressure drop of 2*6 in. per 10 ft., we are. 
now enabled to read the suitable diameter 
for the steam pipe from the charts 

(Figs. 7 and 8). Reading from the B.Th.U. 
per hour at the bottom of the chart, 
follow the vertical line until it cuts a 
horizontal line from 2*6 in. on the left 
hand of the chart ; then the heavy curved 
line below this point may be taken for the 
suitable pipe diameter. 

Dealing with the example illustrated by 
Fig. 6, the suitable pipe diameters will be 
as follows : 

The steam pipe serving^ radiators : 

No. 4 15,000 B.Th.U. . . J in. 

Nos. 3 and 4 . . 30,000 „ . . i „ 

Nos. 2, 3 and 4 . . 45,000 „ . • i „ 

Nos. I, 2, 3 and 4 60,000 ,, . . i J„ 


The pipes having been sized, a check 
can be made to ascertain exact duties. 

B.Th.U. 

Radiators 160 sq. ft. x 300 «= 48,000 

ij-in. piping 38 ft. X 173 6,574 

i-in. „ 60 ft. X 141 •» 8,460 

M 30 ft. X 123 3,690 

Total .. 66,724 

This is in excess of the 60,000 B.Th.U. 
first calculated upon, but on correcting 
the B.Th.U. emission against each pipe 
on the basis of 66,724 B.Th.U. total and 
16,681 B.Th.U. for each radiator, the pipe 
sizes taken are still quite large enough. 

For steam pipes below the floor and 
covered with non-conducting composition, 
use one-third of heat emissions given above. 

Condense Pipes. The return pipes may 
be much smaller in diameter than the 
steam pipes ; but in order to allow the 
water to run freely back to the boiler, 
they have been sized on the diagram 
(Fig. 6, p. 514) for a half-inch trap from 
each of fhe radiators and from the end of 
main steam pipe, with return pipes one 
standard size diameter less than the cor- 
responding steam supply pipes. Sizes of 
pipes for water of condensation may be 
approximated from following Table : 

B.Th.U. B.Th.U. 

Up to 15,800 ^-in. dia. pipe 


From i5,iiipo 

t, 

59,500 } .. 

II 


59,500 

,, 

158,000 I „ 

II 


158,000 

If 

316,000 ij„ 

II 


316,000 

II 

470,000 ij ,, 

If 


470,000 

II 

870,000 2 ,, 

If 


870,000 

II 

1,600,000 2j „ 

If 


1,600,000 

»» 

1,850,000 2i „ 

II 


1,850,000 

fi 

2,370,000 3 

If 



HEATING; (4) BY ELECTRICITY 

By L. C. C. Rayner, A.I.E.C. 

Local warming by means of electric fires, radiators, convectors, panels or tubular 
heaters. For immersion heaters see that heading. See also Heat Loss; Panel 
Heater; Radiant Heating 

Heating by electricity may be divided of the steam or warming of the water will 
jmder two headings : direct application be by electricity at one central point, 
and indirect application. The first con- Calculation of Heat Losses. The 
sists in conversion of electricity into heat design of an electrical heating installation 
in the room actually being warmed. This is comparatively straightforward. When 
will be effected by electric fires, radiators, * local heating is employed the first step 
convectors, panels or tubular elements, should be the calculation of the heat losses 
and may be called local heating. The from the various rooms. This should be 
second application is to central heating, carried out in fxactly the same way as 
when the distribution of heat to the rooms for the application of hot water heating, 
is effected by hot water or steam pipes Information on this subject will be foimd 
and radiators. In this case the generation under the heading Heating ; (2) and Heat 
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Loss. If the heating is solely by electricity 
the heat loss calculations should be made 
for the normal room temperatures assum- 
ing an outside temperature of 30° F. 
'^en electricity is to be applied as an 
auxiliary to hot water heating or to heat- 
ing by fires, it will usually be sufficient to 
base the calculations on a 10° to 15° F. 
difference between inside and outside 
temperatures. 

Since electricity is easily and instantly 
controlled it is often used for warming 
rooms which are seldom used. In sucli 
cases, if the rooms when they are in use 
are occupied by sedentary workers it is 
necessary to add a considerable margin 
to the normal heat loss calculations. It 
will probably be desired to warm the rooms 
quickly ; and, moreover, a higher than 
usual air temperature should be aimed at, 
to counteract the chilling effect of cold 
walls," which take a considerable time to 
warm up. The margin added, therefore, 
should be not less than 20 per cent. 

Electric Rating. The heat losses 
haviiig oecn determined, the required 
electric rating in kilowatts may be found 
from the relationship given in page 351 
under the heading Electricity. This ex- 
pression assumes 100 per cent, efficiency. 


which will be the case if the heater is in 
the room it is warming. If, by chance, it 
is outside, some of the heat may be wasted. 
In this case i kW. = 3,415 X U B.Th.Us. 
where U is the percentage of heat pro- 
duced entering the room, expressed as a 
decimal. For checking calculations to 
prevent gross errors, and for the purposes 
of preliminary estimates, the figures here 
given may be used. They apply to rooms 
of normal brick construction, having an 
average amount of glass surface, of norm*al 
exposure and of content between 1,000 
and 3,000 cu. ft. For rooms having one 
outside wall allow f watt per cu. ft. ; two 
outside walls, ij watt per cu. ft. ; and 
three outside walls, or if watts per 
cu. ft. Large glass areas and small rooms 
will require a bigger allowance per cu. ft. 
The figures also apply to continuous use, 
and not to cases where rooms may be used 
only once a week. 

TYPES OF HEATER 

Local electric heaters are of many differ- 
ent types. High-temperature radiant 
heaters are the best known, since most 
electric fires come under this heading (see 
Fire, Electric). They are characterized by 
elements running at a high temperature, 
so that practically all the heat is intense 
radiation. In addition to fires, panel 
heaters of this type are made running at a 
surface temperature of about 400° F. (See 
Panel Heater, Electric and Radiant Heat- 
ing.) The next class is low-temperature 
radian i m caters or panels having an average 
surface temperature up to about 
200° F. Flush type panels are 
made in heights of 12 in., 18 in., 
24 in. and 30 in., with lengths 
of 2 ft. to 8 ft. The smallest 
size has a loading of 400 watts 
and the largest 2,000 watts, 
giving heat outputs of 1,360 
B.Th.U. and 6,800 B.Th.U. 
respectively. 

Convection H eaters 

Fc.ilowing radiant heaters come 
natural convection heaters, 
which include convectors, hot water 
radiators fitted with immersion heaters, 
and tubular heaters. A section through 
a typical convector for use recessed 
in a wall is given in Fig. i. The 
heating element is made with vertical 
ribs between which the air can circulate. 
Included in the element is a resistance 



Multi~yent3-sta^e 

insufation 


OuT/er gri/k lY/th 
/oui/res 


heating 
e/ement 


fresh air damper 
contn?/ 

inietghUe 

Variahle. thermosiat 
contra/, tv/ fh off 
pasit/an 


HEATING : BY ELECTRICITY. 

•ection of convector rrceteed in a wall 
through lower louvred grille, is guided by deflectora, 
heated by element with vertical ribs, and leaves by 
uDoer grille. 


Wooden mounting 
for heater assenih/y 

'/fet carrying 
heater assemh/y 


fre^hairiri 


Fig. 1 . Cross- 
wall : air enters 
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wire heater on a porcelain former whidi 
keeps the whole element hot. When used 
purely as a heater, the fresh air inlet is 
omitted. Room air then enters through 


the bottom grille and is discharged through 
the top grille, being guided by the deflec- 
tors. These also act as heat insulators, 
the induced air current created by the 
natural convection currents assisting in 
this. When ventilation is desired the. 
back inlet is employed. By adjustment 
of the damper shown entirely fresh air, 
entirely room air, or any desired mixture 
of the two, may be allowed to flow through 
the heater. 

It will be seen from the illustration that 
a thermostat is fitted near the bottom of 
the convector. It is thus influenced by 
the room air, which is what is required. 
The particular heater shown may be 
obtained in i kW and 2 kW ratings, the 
volume of air handled per kilowatt being 
2,600 cu. ft. The resulting temperature 
rise is 60° to 70® F. If the convect^'r is 
used for ventilating in cold weather, not 
all the heat is available for warming. If 
the outside temperature is 40® F. the exit 
air temperature from the convector will 
be about 40 + 60 to 70 = 100® to no® F. 
or, say, 105® F. If the room is to be main- 
tained at 60® F., heat will be available by 
the air cooling down to this temperature, 
a drop of io5®-6o® =» 45® F. The heat 


useful for warming the room is only 45/65 of 
the total heat output. The rest is wasted 
in warming the incoming cold air to room 
temperature. A i kW heater used for 
ventilation with no re-circulation, 
the outside temperature being 
30® F. and the inside 60® F., would 
have a useful heating effect of 
21^ = 1,840 B.Th.U. 

Radiators. Electrically 
heated hot water radiators are 
normal hot water radiators par- 
tially filled with water and 
with an immersion heater in 
the bottom nipple-way, as shown 
in Fig. 2. The usual ratings are 
I, ij and 2 kW. According to 
the heating surface of the 
radiator in proportion to the 
power of the heater, so will 
the surface temperature vary. 
The usual type has a heating sur- 
face of about 24 sq. ft. per kW, 
giving a surface temperature of 
about 150° F. Other types are 
made with a surface temperature 
of about 250® F. See also the 
article on Radiator. 

Tubular Heaters. These consist of 
metallic tubes in which are enclosed 
resistance wire elements carried on spacers. 
The usual diameter of tube is 2 in., and 
the loadings vary from 20 watts to 100 
watts per foot run, giving surface tem- 
peratures of about 75° F. to about 300® F. 
These temperatures assume a natural 
unhindered air circulation over the tubes. 
If the air circulation is hindered the 
temperature may rise to a dangerous l(?/el. 
This applies to any convective type heater, 
and with complete stopping of the air 
circulation they will probably bum out. 

Unit Heaters. Forced - convection 
heaters are usually known as upit heaters, 
and are similar in appearance to Fig 3. 
They consist of a heating element through 
which air is blown by propellor-type fkn. 
The fan and heater are enclosed in a sheet 
steel casing fitted on the discharge side 
with adjustable louvres to deflect the air 
stream. They are usually suspended at 
high level, the casing carrying eye bolts 
or straps for this purpose. The heating 
element is usually spirals of resistance 
wire, although oecasionally a gilled-tube 
hot water heater fitted with an immersion 
heater is used. 
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Effect of Paint on Heaters. Unless 
a heater is received from the manufac- 
turers with a plated or similar finish, it 
must be painted. Convectors running a 
low temperature may have almost any 
paint. To provide for occasions when the 
temperature may rise owing to defective 
air circulation, it is better to employ a 
definitely heat-resisting paint enamel. 
Low temperature radiant heaters also may 
be finished with any normal paint. 

In this case, however, metallic paints 
must not be used under any circumstances, 
since they block radiant heat and may 
reduce the amount of heat radiated by up 
to 50 per cent. 

Wall-paper or plastic paint will have no 
deleterious effect, and by their use low 
temperature radiant panels may be made 
almost indistinguishable from the wall 
surface. High temperature panels can 
only receive the manufacturer's finish. See 
further under the heading Radiation. 

SELECTION AND PLACING OF HEATER^ 

Allliou-h the selection may be made 
on the basis of heat loss and heat output, 
electric heaters must be properly distri- 
buted to ensure satisfaction. Certain 
types also are more suited for particular 
uses. High temperature radiant headers 
find their application for individual warm- 
ing. This is essentially so^, since it is 
almost impossible to obtain an evenly 



distributed temperature with them. People 
sitting in front of an electric fire may be 
quite comfortable at comparatively low 
air temperatures. For this reason radiant 
panels are employed in such places as 
open-air schools. They are preferably 
placed at high level so that the rays of 
heat shine on scholars. Several fixing 
positions are given in Fig. 4 (p. 520). (See 
also Schools: Heating). 

Panels may also be used for local warming 
in factories where it would be uneco- 
nomical to heat large spaces for the sake 
of isolated workers. Here the general 
temperature may be kept comparatively 
low, with individual panels for each 
worker. It must be remembered always 
that radiant heat travels in straight lines. 
The panel must, therefore, be positioned 
so the rays from its face may shine un- 
interruptedly on the people to be warmed. 

Low temperature radiant panels may 
be used in situations mentioned above. 
They may also be employed for general 
room warming, the choice between them 
and convectors being one of preference or 
cost. They have the disadvantage that 
they must not be obscured by any solid 
body. For this reason they are often 
fixed on ceilings. 

There is a tendency to regard radiant 
heating as more healthy and economical. 
It is found that the human body is com- 
fortable with lower air temperature when 
warmed by radiant ^cat than when the 
heat is convective. The lower air tem- 
peralu - results in smaller heat losses and 
reduce^ running costs. For this reason 
heat losses are often calculated for i to J 
air change per hour when radiant heating 
is used, instead of the usual i to 3 air 
changes per hour. If this is done a tem- 
perature guarantee cannot be given. 
Further information on this aspect will be 
found under Radiant Heating. 

Placing of Heaters. In regard to the 
placing of heaters, two general principles 
should be followed. First, draught.^ 
should be prevented ; secondly, the tem- 
perature through the room should be even. 
The first means that heaters should be 
placed generally under windows. If doors 
open to the outer air, as in shops, heaters 
should be placed near them. Where sky- 
lights exist, particularly if they are large, 
down-draught should be prevented by 
tubular heaters under them. To comply 
with the second principle, heaters should 
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/A X / X. face should be placed undei 


in Corner 



PUAN 


Fig. 4B 


Fig. 4A. Panel fixed across a 
corner. Fig. 4B. Panel fixed 
to ceiling by special bracket 
pieces. 



distribution 
sur- 

placed under the 
windows. Tubes having a low surface 
temperature should be used, otherwise 
guards may be necessary. Shops require 
plenty of heat at the entrances. The 
interior may be warmed by heaters on 
columns or at the end of showcases, 
taking care that the heat is well dis- 
tributed. Alternatively, classrooms and 
shops are often warmed by panels at 
the ceiling. Churches may have tubular 
heaters at low level on the walls, since it 
is often difficult to find room for con- 
vectors. Some tubes should be fixed 
at high level to prevent down-draughts. 
This is particularly important if there are 
clerestory windows. 

It is often impossible to 




On lA^ail 


HEATING : BY ELECTRICITY. Fig. 4A, B, C. D. Fixing 
positloni for radiant paneli, preferably at high levels. 


, not be more than 15 ft. apart on an out- 
side wall. Also, if a room is more than 
20 ft. wide, at least one heater should be 
placed on the inside wall opposite the 
outside wall. 

School classrooms may be effectively 
warmed by tubula/ heaters round the 


in factories and garages, 
and tubular heaters at 
high level may be used in such cir- 
cumstances. This is not the best 
method, however, since tubular 
heaters produce a high temperature 
under the roof and consequent waste 
of heat. In addition it is some time 
before the heat filters down to the 
working plane. The better method 
is the use of unit heaters. These 
blow the warm air down where it 
is needed and the roof temperature 
should not be excessive. The heat 
is felt immediately the units are 
switched on, egid in summer the 
fans may be run without the ele- 
ments being hot, circulating the air 
with beneficial results, 
jhe unit heaters are 
/ ro^u/re best arranged as in 
Fig- 5 (P- 521), so that 
continuous circulation of warm 
air is produced. Depending on 
the air velocity, one unit 
heater can warm equably a con- 
siderable floor area. It is best, 
however, to allow one heater to 
deal with not more than about 
1,000 sq. ft. floor area unless 
they can be mounted very high up. The 
heaters should be wired in such a manner 
that they are cut out if the supply to fan 
is switched off. • 

Automatic Heat Control. Electric 
heating should always be thermostatically 
controUed. This adds to the first cost, but 
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the addition is quick- 
ly saved in running 
costs, since electricity 
is a comparatively 
expensive method of 
heating. Convectors 
often have their own 
thermostats. If not, 
each room should 
have an independent 
thermostat, though 
this need not control 
all the heaters in the 
room. If, say. half 
are controlled, cheap- 
er thermostats may 
be possible and the 
uncontrolled heaters 
will normally be re- 
quired so long cLS any 
heat is necessary. The thermostat should 
be fixed about 4 ft. to 5 ft. above the 
floor. It should not be adjacent to a 
heater, window or door, but be in a 
position likely to be at a temperatuie 
equal to the average room temperature. 
Where large currents are required it will 
often be necessary to use a relay and 
contactor in conjunction with the thermo- 
stat. The tliermostat then actuates the 
contactor, which carries the main current, 
by means of the relay. 

Central Heating. Whea electricity 
is applied to an existing hot water heating 


installation a central boiler is required, 
which may be a cylinder containing the 
proper number of immersion heaters. 
This is exactly similar to a hot water 
supply installation, and information will 
be found under Immersion Heaters. For 
larger installations electrode boilers are 
used. These consist of two or more 
electrodes immersed in the boiler. Current 
flows from one electrode to the other 
through the water, warming it in the 
process. Electrode boilers generally use a 
high electrical pressure, and their treat- 
ment is a spccidist's matter. 


HEATING: (5) BY GAS 


By*J. Murray Grammer, Assoc.M.lnst. *.iS E., A.M.I.H.V.E. 


In warming rooms or buildings by means of gas appliances the same general 
considerations are involved as with other methods of heating, and these are set 
out in the first article of the present Group, by Mr. Fretwell. For Gas Fires, 
Air-Heaters and Convectors, see under the heading Gas Fires, where detailed in- 
formation is given. In the present contribution the characteristics of the principal 
warming appliances are summarized. See also Panel Heater ; Radiator (Gas). 


Gas fires give immediate comfort at an 
air temperature not less than 50® F., 
provided that the occupants receive the 
heat at a suitable intensity. They were 
originally considered best suited for l ' er- 
mittent use, as they are more expensive 
to run than flueless appliances (although 
the ventilating effect of a fiued fire must 
not be overlooked) . On two-part tariff rates, 
however, they are cheaper to run than 
coal fires, even over quite long periods. 

Convector gas fires demand an air 
temperature of 55-60® F. to give immed- 


iate comfort results, owing to the lower 
radiant intensity ; the overall efficiency 
is higher, as provision is made in th^ 
design for air to pass over and through 
the fire in the room, thereby providing 
extra convected heat. The combination 
of a gas fire and a flueless appliance gives 
a somewhat similar effect to that of a 
convector gas fire, but the products of 
combustion are not removed completely 
from the room if the separate heaters 
are used. (Gas fires are dealt with under 
their own heading ifi this work.) 
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Fiueless Appliances. These have 
the highest overall efficiency and are 
suitable for continuous and general heat- 
ing, but have the main disadvantage of 
lacking positive ventilation. Bowl heaters 
provide comfort from radiant heat when 
the occupants can be fairly near to the 
heater, an air temperature of 55-60® F. 
being required. 

It must be remembered that where gas 
lighting is in use, it can supplement the 
main forms of heating. A considerable 
amount of heat is given out, so that 
normal gas lighting wUl reduce the main 
heating load of a room by 10-50 per cent, 
according to the type of lighting adopted 
and the kind of room. 

Flueless radiators are admirable for 
lower air temperatures than those re- 
quired in living rooms — e.g. in halls, 
corridors and shops or to supplement 
radiant heaters in cold weather. 

Central Heating. Central heating by 
gas is in its effect no different from cen- 
tral^ heating using any other type of fuel 
in the boiler, with the exception that 
owing to the ease of control and 
flexibility of a gas system, comfort condi- 
tions are more readily maintained by its 
employment, and fuel and labour are saved. 

Air Heating. Air warming by remote 
or local gas-fired heaters is a branch of 
heating to which gas as a fuel can easily 
be adapted. All the heat is convected, and 
generally the firing is«by indirect methods. 
A tjq)ical.air heater for a Turkish bath* 
instaUation consists of finned vertical 
tubes (baffled inside), up and through 
which the hot flue gases flow, while air is 
passed over the tubes by a fan and is so 
heated. When the appUance is designed 
for use in drying chambers, the flue gases 
are often allowed to mix with the air to 
be heated. 

Unit heaters consist of vertical tubes, 
heated internally by hot flue gases, over 
which air is passed from a propellor fan. 
They are entirely automatic, as the air 
(Pressure controls the opening of the gas 
burner. Unit beaters may be suspended 
from the ceiling of a workshop, and the 
air heated and circulated round in one 
direction (being, as it were, passed on 
Ifom heater to heater). These heaters 
generally carry separate flue pipes. 

Panel Heaters (which see). These are 
another type of gas warming appliance, 
giving a radiant ontp|it. These work at 


a high temperature and have a radiant 
efficiency of about 40 per cent. Two 
models are illustrated under the heading 
referred to above. In factories and 
similar buildings panel heaters are of 
especial value and are fixed overhead. 
They are also employed out of doors 
(e.g. for an open air school, etc.). 

Temperature Control. On the ques- 
tion of controls the most important 
is the room heat detector or thermostat. 
For a fire, or a few radiators, the remote 
detector and small copper communicating 
pipe to the relay valve provide the most 
reliable and cheapest system to install. 
With bigger systems, electrical controls 
(e.g. motorized valves) are becoming more 
popular. Several methods of automatic 
ignition are now in use which eliminate 
the stooping around with matches, so long 
associated with the lighting of gas fires. 
(See Gas Fire.) 

Other advantages claimed for gas, apart 
from those mentioned above of easy 
thermostatic control and easy ignition, 
are flexibility (heat is available or can be 
discontinued almost immediately) ; heat 
output can be maintainedi constantly or 
regulated to any desired output ; with 
many appliances positive room ventilation 
is assured ; high temperature radiant 
heaters (gas fires) provide an attractive 
appearance * there is small possibility of a 
breakdown in supply. 

Running Costs. On the question of 
costs, a flueless gas fire is about half as 
expensive, heat for heat, as a proper gas 
fire, but the gas fire is'' often much more 
useful in that it provides radiant heat — 
ensuring comfort in comparatively low 
air temperatures. 

At usual prices a flued gas fire is cheaper 
than, or as cheap as, a coal fire for heating 
up to a period of nearly 3 hours' use. In 
use over a period of 8 hours, the flueless gas 
fire is as cheap as a coal fire ; and the con- 
vector gas fire for a period of about 6 hours. 
For warming a room of about 1,500 cu. ft. 
capacity, in use for 8 hours, the following 
comparative costs may be stated : cosd 
fire, 5jd. ; gas fire (87d. per therm), 8Jd. ; 
^as fire on two-part tariff rate at 4d. per 
therm, 4d. 

For industrlkl air heating and central 
heating, the usyal heating calculations 
for fud required would have to be made, 
but most\ gjBLs companies offer special 
tariff to consumers tor this type of duty. 
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HEATING: (6) COMBINED CENTRAL HEATING AND HOT 

WATER SUPPLY 

By Louis J. Overton. M.I.H.V.E. 

Here the merits of the combined system are discussed with practical hints on layout 
and installation. An example Is given of a domestic Installation, where two radiators 
are served from the hot water supply boiler on the indirect system. Details and 
data are given also for a larger Installation with seven radiators and a calorlfier. 

Alternative apparatus for summer use is dealt with in the final section. See under 
the heading Boiler : also Calorlfier ; Hot Water Supply. 


Large installations of central heating 
and hot water supply have at times been 
made on combined systems direct from 
boilers or calorifiers, the same main 
and branch pipes feeding both radiators 
for heating and draw-off taps for hot 
water supply. The economy claimed for 
such schemes is that there is only one 
set of pipe circulations instead of two ; 
and the heat emission from piping being 
less, fuel consumption is reduced. 

There are, however, certain objections 
to direct systems of combined heating 
and hot water supply, and these may t)c 
stated as follows : 

(a) Water drawn off at taps, and the conse- 
quent influx of cold water is .sure to reduce the 
temperature of the radiators and their heat 
emission. 

(b) Water drawn off at taps will affect the 
circulation of water through the radiators, as 
both the flow and return pipes of a circulation 
can become temporary supply pipgs to a draw-off 
point when opened. 

(c) Water drawn off and new water admitted 
to a circulation causes more air to be freed, and 
this accumulates in radiators, which have to be 
vented. 

(d) When radiators or circulations to raaiators 
are shut off by vaives for a period, internal 
corrosion takes place ; and when valves are 
eveiTtually opened the hot water supply shows 
evidence of the rust. 

\e) Although only one set of main and branch 
pipes is required instead of two, pipes will have 
to be of larger diameter in order to serve both 
heating and hot water supply. 

It is a common practice to serve towel 
rails and sometimes one or even two 
radiators from an ordinary direct hot water 
supply system, and in all cases a hot 
water supply type of boiler must be used 
which can easily be cleaned out. 

The Indirect System. The be.st 
method of dealing with a combined 
central heating and hot water supply is to 
install an Indirect System! in which the 
water of Ahe primary drculation, inner 
cylinder or coil,of the calorifier, radiators, 
and heatiirg circulation never come into 
contact or mingle with the water in the 


outer cylinder of the calorifier or service 
pipes to the draw-off points. Such being, 
the case, separate feed cisterns and cold 
feed pipes are necessary. 

One combined feed and expansion 
cistern is connected to the primary circula- 
tion, or into the bottom of the boiler, 
while the cold water cistern supplying the 
hot water service is connected to bottom 
of outer cylinder of calorifier. 

Such an indirect system of hot water 
supply with a heating circulation serving 
radiators is illustrated by Fig. i. This 
shows two radiators .served from the 
primary circulation on a dropping single- 



HEATING : COMBINED CENTRAL HEATING AND 
HOT WATER. Fig. 1. Central heating by dropping 
■ingle-pipe eystem: pipes taken to radiators taken 
from primary circulation. Indirect hot water supply 
by calorifier. 

pipe system— one radiator at a high level 
and the other at the same level as the 
boiler. Cooling water in radiator at 
high level actually accelerates circulation 
around this branch of the primary circuit 
and through radiator at the low level. 
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. ; COMBINED CENTRAL HEATING AND HOT 

^ J) OJ 9 A WATER. Fig. 2. Ground floor plan of detached house in 

nCtCffOTO/^ %jOS^.Th which is installed a combined system of central heating 
(serving seven radiators) and an indirect hot water supply 
^ with calorifier (see also Figs. 1 and 3). 


Typical House System. As a further 
example on a larger scale, assume that a 
house, as illustrated by Figs. 2 and 3, is 
to be provided with a combined system 
of central heating and hot water supply. 
Radiators are to be placed in the ground 
floor rooms and staircase hall ; also on 
the landing and in the two principal 
bedrooms on first floor. 


The subject is approached at the 
moment from the point of view of central 
heating, with the intention of insuring 
conditions of comfort in the rooms to be 
warmed without dependence upon fires or 
other heating contrivances. It is advisable 
to calculate the heat requirements on the 
basis of (Obtaining a temperature of 
60° F. in each room dealt with when the 
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outside temperature is 30® F., allowing for 
one change of air per hour. Assume that 
these calculations have been made, and 
have resulted in the following figures for 
heating surfaces of radiators to be allocated 
to the various rooms : 


Ground Floor : sq. ft. 

Dining room 38 

Lounge 60 

Study 26 

Hall 25 

First Floor : 

Bedroom 1 38 

Bedroom 2 51 

Landing 25 


The points at which hot water is to 
be provided are : one bath, one lavatory 
basin, and one sink ; also a circulation 
through a towel rail in bathroom. With 
a combined system of central heating and 
hot water supply from one boiler, it is 
evident that the greater part of the boiler 
capacity will be devoted to the central 
heating ; and that during warm weather 
when the hot water service only is required, 
care will have to be taken to keep tlfc 
boiler fire well under control. For such 
control an automatic damper regulator 
should be fitted to the boiler. 

In the house system described there 
are seven radiators, together with the 
necessary circulation pipes, so that it 
would be wrong to use a direct hot water 
supply system from the sam(f boiler that 
serves the radiators. Therefore, a calori- 
fier [which see) or indirect cylinder should 
be provided for the hot water service. 
The indirect cylinder might be placed on 
brackets overhead in the kitchen, but as 
there is, in this case, a linen cupboard 
in the bathroom on the first floor, it 
could be used to accommodate the 
cylinder, which would then serve to 
warm the linen cupboard. 

This arrangement of combined central 
heating and hot water supply is shown on 
the ground and first floor plans. Figs, 2 
and 3. 

Boiler and Heating Layout. A 

sectional-type heating boiler is placed in 
the kitchen, and a 2-in. diameter prii. ry 
flow pipe is carried direct to the roof 
space, where it is vented at the top over 
a lo-gal. feed cistern whic^j supplies the 
primary circulation only. A |-in. cold 
feed connexion from the oistern enters the 
falling primary flow on its way to the 
radiators. A i-ia. diameter flow con- 
nexion is taken from the rising primary 


flow to the inner cylinder of the calorifier 
in the linen cupboard on the first floor, 
and the primary return from the inner 
cylinder drops in i-in. diameter piping 
direct to the boiler, a valve being provided 
so that the circulation to calorifier may 
be regulated. Flow and return con- 
nexions of |-in. diameter are taken from 
the primary circulation before it reaches 
the calorifier, to serve a towel rail placed 
in the bathroom. 

After the 2-in. diameter primary circu- 
lation in the roof space has been vented 
it slopes downward, taking the f-in. 
cold feed connexion. It then divides 
into two ij-in. diameter circulations, one 
dropping in the corner of bedroom No. 4, 
feeding one radiator in bedroom No. 2 ; 
after which it drops in corner of study, 
serving one radiator in the lounge and 
one radiator in the study. 

The other i^-in. diameter circulation 
drops in corner of landing, feeding one 
radiator in bedroom No. i and one 
radiator on landing ; after which it drops 
in comer of entrance hall, feeding one 
radiator in hall and one radiator in dining- 
room. The two I J-in. diameter circulations 
return below the floor, joining into a 2-in. 
diameter main return to the boiler in 
kitchen. 

The connexions to the radiators should 
be taken straight in at the top and the 
returns from the bottom, thus allowing 
the radiators to veiA automatically and 
obtaining the full benefit of the extra 
circulai!. '5 pressure through the water 
cooling * the radiators. 

Connecting pipes to radiators of 38 sq. ft. 
and over should be i-in. diameter, and 
those below 38 sq. ft. should be f-in. 
diameter. 

Hot Water Supply. The draw-off 
points in the hot water service are so near 
to the calorifier that a connexion may be 
taken from the expansion pipe leaving 
the top of the cylinder ; and direct 
connexions may be run to the bath and- 
lavatory basin, afterward dropping to 
the sink m scullery. The cold water 
connexion for the hot water service should 
be at least J-in. diameter, entering the 
outer cylinder of the calorifier near the 
bottom. This cold water supply must 
be from a cold storage cistern, and not 
from the combined feed and expansion 
cistern which serves the primary and 
radiator circulation^ 
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For the hot water service a calorifier 
with h capacity for heating and storing 
27^ gal. of water per hour vnll be ample. 

Boiler Capacity. The power of the boiler 
to be used can be computed as follows : 


A suitable boiler would be one having 
a heating rating of 90,400 B.Th.U per hour. 

All return pipes carried below the 
floor should be well covered with non- 
conducting composition. 

For calculations of heating surface etc. 
see Hot Water Supply : (2). 


Alternative ApparetMifer Summer 
Use. As boiler capaciijjf'‘%'very high on 
account of the large number of radiators 
served, it would be a great advantage to 
provide alternative means of hot water 
supply when no heat- 
ing is required. This 
could be accom- 
plished by installing 
a small gas-fired 
boiler with flow and 
return pipes inter- 
connected with the 
primary circulation 
to calorifier ; see 
BoUer : (7). 

Another excellent 
method is to have an 
electric immersion 
heater inserted in the 
hot-water storage 
outer cylinder of the 
calorifier, with automatic cut-out which 
would break electric connexion when 
tiie storage water reached a defined 
temperature. 

Either of these appliances would be 
immediately available in warm weather 
when not desirable to work the boiler. 


Heating : 

Radiators 

2 in. diameter piping 
ti in. „ „ . . . . 

I in. 

} in. ,, „ . . . . 

Heating 

surface 

Coefficient 

= B.Th.U. 

263 sq. ft. 

20 ft. 

70 ft. 

70 ft. 

30 ft. 

20 ft. 

48 ft. 

X 160 

X 129 

X 105 

X 93 

X 62 

X 52 

X 42 

42,080 

2,580 

7.350 

6,510 

1,860 

1,040 

2,016 

Covered piping 

2 in. diameter piping . . 
liin. 

63,436 

Hot Water Supply : ' 

27J gallons raised 100® F. 27,500 B.Th.U. for heating 
boiler rated at 17,500 

[Note — For explanatioa of coefficients see under the headmR Calorifier.] 80.036 


HEAT LOSS AND HEAT REQUIREMENTS OF A BUILDING 

By Louis J. Overton, M.I.H.V|E. 

On the accompanying Chart are given the heat loss coefficients for the 
principal building materials and also for partitions, doors, floors and 
roofs, methods of calculating heatdoss are described In the text, with 
examples. Sre also Chart under Heating : (2) facing page 504. 


The heat required to maintain a definite 
air temperature inside the room of a 
building when the air outside is at a 
certain temperature may easily be calcu- 
lated, and when the result is obtained on 
the basis of B.Th.U. per hour there is no 
difficulty in selecting the heat trans- 
mitting appliances suitable for giving 
that required amount of heat. 

There is no excuse for mere rule-of- 
thumb methods or guess-work in estimat- 
ing heat requirements or the application 
of heating apparatus suitable to the 
work to be performed, as, with the co- 
efficients and data available, calculations 
oan be made which enable a satisfactory 
result to be assured. 

Whatever means are eventually to be 
adopted for warming the rooms of a 
building, the method of determining the 
amount of heat required is exactly the 


same, and consists of calculating first the 
heat required per hour to warm, the 
cubic feet of air, plus any additional air 
admitted for ventilation purposes. The 
amount of fresh air admitted to a room 
is generally expressed as air changes per 
hour, and the coefficient generally used 
is ’02 B.Th.U., because: 

•02 B.Th.U. will raise i cu. ft. of air i® F. 

Example. Assume a room Z2 ft. x lo ft. x 
lo ft. high has to be warmed to 6o® F. when the 
temperature outside is 30® F. 
and allowance has to be made for two air 
changes per hour ; then : 

12 X 10 X 10 as 1,200 CU. ft. 

1,200 CU. ft. X 2 changes X *02 X (60-30) 

01,440 B.Th.U per hour. 

Heat Lossm. Wanning the air in a 
room is, however, not S»e only con- 
sideration, for additional heat must be 
provided to compensate for warmth 
which is continu^y passing through 






HEAT LOSS 


the structure of a building. The amount 
of heat thus lost depends upon the con- 
ductivity of the. building material and the 
difference in temperature between the 
inside and outside air. 

Coefficients of heat loss through building 
materials have been obtained by experi- 
ments, tests and research work in many 
countries, and the results compared arc so 
similar that the differences are unim- 
portant. 

These coefficients are termed the values 
of U. and represent the amount of heat 
in B.Th.U. per hour which will pass 
through 1 sq. ft. of structure per degree F. 
difference in air temperature between 
inside and outside of a room in a building. 

The tables in the Chart facing this page 
give a list of ordinary heat loss co- 
efficients gleaned from various sources. 
They include values for walls of all de- 
scriptions ; boards and sheets, parti- 
tions ; glass ; doors ; roofs and floors. 
Since the aspect considerably influences 
heat loss, a note is given for suggested 
allowances for special conditions. 

Example, Assume the room 12 ft. x 10 ft. x 
10 ft, has to be warmed to 60" F. when 30° F. 
outside, allowing for two air changes per hour. 


.sq. ft. 

There is a window 6 ft. x 5 ft. . . = 30 

Area of exposed g-in. brick wall, 

plastered inside = igo 

Ceiling with slates on boards over ^ . = 120 

Floor boards on joists with air space 
under = 120 


The heat requirements per hour can 
(with the coefficients available) now be 
calculated in the fallowing manner : 


Air 1.200 cu. ft. X 2 X *02 

BTh.U.* 
= 4 « 

Window 

30 sq. ft. X 1*03 

309 

Walls 

190 „ X *33 

= 627 

Ceiling 

120 „ „ X -17 

— 20*4 

Floor 

120 „ „ X -05 

6 


' Per ® F. difference. 

168 


published in 1945 by H.M. Stationery 
Office as No. 19 of the Post-War Building 
Studies.” It deals with all methods and 
appliances for providing heat for warming, 
hot-water supply, cooking and laundry- 
work used in dwelling houses in Gt. Britain. 

The annual heat consumption per 
person is shown to be higher in this 
country than in Germany; and in the 
United States of America the standard 
of heating is higher, although the heat 
consumption is scarcely greater. 

Some sections of the Report deal with 
the amount of heat required in dwellings, 
and useful coefficients of heat loss through 
uncommon building materials are given 
which are not to be found in other publi- 
cations. Attention is drawn to the import- 
ance of effective insulation of hot-water 
pipes not serving for heat emission and 
also to the insulation of building structures 
to conserve fuel consumption. The heat- 
ing efficiency and economic use of coal 
and other fuels is also very thoroughly 
dealt with. 

So many points of view arc expressed 
and the methods of using the different 
typos of fuel and appliances are so varied 
that it is almost impossible to roach any 
definite conclusion as to their respective 
merits, but some of the most interesting 
items of information given arc summarised. 

It is possible to have too much comfort, 
for the body may then lose its power of 
quick adaptation which is an essential 
requirement for normal health. For the 
most p.* ', outside workers are exposed 
to cond: ms in which the body has to 
adjust itself to temperature changes. 
What is essential is that persons can be 
warm and cosy when they need to relax. 
There is a minimum standard of heating 
and ventilation below which health would 
suffer. 

Desirable Warmth in Rooms. In 

living-rooms an equivalent temperature 
of about 65 deg. F. has generally been 
considered as a suitable standard for this, 
country for warmth when sitting for 
lengthy periods. Variations in range 
recommended are : 

General ^o® — 68® F. 

Active Housework 51 ® — 55® F. 

During night 45® — 50® F. 

Bedrooms : Dressing 5^ '— 55° 

Bedrooms : During night . . . . 45 “— 50® F- 

Statistics showed that during February 
and March one rooiy only was heated in 


168 X 30 deg. F. difference = 5.040 B.Th.U. per 
hour. 

[The I.H.V.E. booklet on heat loss may 
be consulted.] 

For further practical examples see Heat : 
Modern Theory ; and Heating : (i). 

RESEARCH ON HEAT REQUIREMENTS 

The heating of dwellings has been the 
subject of prolonged resea rth. A report 
by the Heating and Ventilation (Recon- 
struction) Coifjffnittee of the Building 
Research Board t>f the Department of 
Scientific and Industrial Research was 
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about 74 per cent of all 
the houses canvassed, two 
rooms in 23 per cent and 
three rooms in 3 per cent. 

The bedrooms were not 
warmed in nearly 87 per 
cent. 

High Temperature 
Radiant Heating. When 
high temperature radiant 
sources are used, such as 
open fire, gas fire, or 
luminous electric heaters, 
it has been found that 
people were fairly com- 
fortable with air temper- 
ature of 55 deg. F., 
provided that sufficient 
radiation was felt. 

Ceiling heating should 
not be used as the sole 
source of heat in rooms 
much less than 12 ft. high. 

Hot Water Supply 
and Cooking, For a 
family of four persons it 
is estimated that 250 gal- 
lons of water at 140 deg. 

F. should be provided 
weekly. For America, an 
estimate of from 175 to 290 
gallons weekly per house 
at 140 deg. F. to 180 deg. 

F. is considered normal. 

For cooking the# heat 
required is estimated at 
50,000 to 150,000 B.Th.U. 
per week for a family of 
four. 

Heating Efficiency 
and Design. The follow- 
ing note from the ''Build- 
ing Studies" No. 19 Report 
is of practical importance. 

The performance of any appliance in which 
combustion takes place is very much affected 
by the chimney to which it is connected. Solid- 
fuel appliances rely on chimney draught to 
pull air for combustion through the lire or boiler. 
The intensity of this draught depends on ^he 
height of the chimney. Draught is likely to be 
erratic with low chimneys, where they are 
particularly subject to the influence of wind. 
To ensure satisfaction a chimney should 
terminate at least 2 ft. above the ridge of the 
roof which it penetrates and not less than 2 ft. 
above the ridge of any roof within 10 ft. of it. 
A chimney considerably higher than necessary 
makes difficult the proper control of air-flow 
through a boiler by means of its dampers. In 
such cases an additional flue damper or automatic 
draught-regulator shoulA be used to limit the 


maximum draught exerted on the boiler. 
Individual appliances should each have their 
own flue, which should preferably be on an 
inside wall. Adequate cleaning facilities (soot 
doors) should be provided and the walls of the 
chimney should be air-tight. 

** The interior surfaces of chimneys should be 
smooth and of fire-resisting construction ; 
sharp bends, sudden changes of cross-section, 
and pockets should be avoided. The throat 
of a chimney conneeted to an open Are is par- 
ticularly impor^nt and should be constructed 
in accordance with the diagram.*' (See diagram.) 

Fuel Consumption. A table of fuel 
consumption for space heating and hot- 
water appliances was issued by the Solid 
Smokeless Fuels Federation in 1946. 
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Table A— FUEL CONSUMPTION 


Type of Heating 
Appliance Scheme 

Consumption cwt. per week, (solid 
smokeless fuel) 

Living 

Space 

Hot 

Water 

Cooking 

Total 

z. Heating stove with 
back boiler in living 
room . . 

i-ij 

Gas or 
Electricity 

i-ii 

2. Convector open hre or 
heating stove in living 
room . . 

Domestic hot - water 
boiler . . 



Ditto 

li-2 

3. Heating stove with 
back boiler in kitchen 
Heating stove or con- 
vector open fire for 
use in evenings in liv- 
ing room 

I* 

h 

-li 

Ditto 

li-lf 

4. Convector open fire or 
heating stove in living 
room . . 

Cooking range with 
back boiler 

i 

i*-ii 


2-2 J 

5. Back-to-back range 

with heating stove, 
cooker with hot-watcr 
boiler and convection 
hea'Ing 

3 - 2 * 

• 

2-2J 

6. Heating stove with 
back boiler for heat- 
ing 2 or 4 radiators . . 
Hot-water boiler 


f 

Gas or 
Electricity 

2-2 i 


The minimum figures shown are for a 
modern house (950 sq. ft. total area) 
efficiently heat-insulated and* with the 
hot-water storage cylinder insulated 
according to the British Maxi- 

mum figures apply to l^rfidpRises (up to 
1,500 sq. ft. floor ajea) <]^|Enaller housu5» 
not of modern heat-msulatea construction. 

Cojil and Smoke. Half the pollu- 
tion of the atmosphere by smoke is attri- 
buted to domestic heating and half to 
railways and industries. 

In the year 1938 there were 12*5 million 
dwellings with about 37 persons to each. 
Coal used for heating and cooking was 
about 63,000,000 tons, being about li tons 
per head. Better insulation would give 
higher standards of heating without in- 
creasing fuel consumption. 

Dyestuffs and plastic industries .. e 
large users of by-products from coal when 
used for gas production. When raw coal 
is burnt directly the by-products are lost 
(with smokeless combustion they are 
converted into heat). — L. J. Overton. 

Research Statif^n Tests. Following 
the issue of the Report the Building Re- 
search Board erected eight experimental 


houses at the Research Station 
at Garston to carry out full- 
scale trials on heat insulation 
to determine the effect on fuel 
consumption with varying 
standards of insulation. Four 
grades of insulation, A to D, 
were employed. 

Various materials, as listed 
in Table C, were used to obtain 
these standards, but it should'^ 
be emphasised that the choice 
of any particular material was 
made as a matter of con- 
venience at the time of build- 
ing rather than for any reason 
of special merit of a particular 
material. 

These four houses were all 
heated in the same way, a 
small amount of heat being 
provided throughout the house 
as “ backgro ind " heat with 
topping up in the living rooms 
at times of normal usage. Two 
other houses were duplicates 
of two of the above four, but 
in addition to the background 
heating above, the living 
rooms were heated fully and 
continuously. The object of this was to 
compare the fuel consumption between con- 
tinuous heating and intermittent heating. 

The eight experimental houses at Gar- 
ston, Herts., were usefl mainly for testing 
the economy obtained by effective insula- 
tion ; I r 20 houses were erected at 
Abbots L. Jigley. This latter group were 
built with the same degree of insulation, 
but different systems of heating were 
installed in 19 of the houses, one system 
only being repeated in order to test any 
difference in results between the southern 
and northern aspects. 


Table 6— THERMAL TRANSMITTANCE 

(B.Th.U./Sq.Ft./Hr./°K.) 


Grades of Insulation 

: A 

B 

c 

D 

External walls 

034 

0-23 

0-20 

015 

,, living room 

0*34 

0-20 

015 

0-10 

Windows . . 

1‘0 

I'O 

10 

0-5 

,, living room 

i-o 

I-O 

05 

0-5 

Ground floor 

0-25 

0-20 

015 

010 

Roof and top floor 
ceiling . . 

056 

0-30 

0-20 

015 


Grade A represents the ordinary pre-war 
houses and Grade C the standard recom- 
mended by the Commfttee. 
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Table C— MATERIAL AND CONSTRUCTION 


Insulation 
grade ' 

Ground floor 

Roof 

External walls to 
living room 

Other external 
walls 

A 

Joint and board 
on sleeper walls. 

Felt on concrete 
plaster lining. 

II in. cavity 
brick, plastei lin- 
ing. 

1 1 in. cavity brick, 
plaster lining. 

B 

Tiles or Grano. on 
concrete raft. 

Felt on 2 in. 
cement screed on 
concrete, lining of 
i in. fibre board 
direct on concrete. 
No plaster. 

4^ in. brick, 2 in. 
cavity, 4 in. foam 
slag blocks, plaster. 

4i in. brick, 2 in. 
cavity, 3 in. clinker 
blocks, plaster. 

C 

1 in. wood block 
on concrete raft. 

Felt on 2 in. 
cement screed on 
concrete. Lining 
on I in. cork 
plastered. 

6 in. ** Invicta ” 
block, rendered 

externally. Lin- 
ing of plaster on 

I in. cork. 

As L.R. walls but 
^ in. cork. 

D 

T in. wood block 
on I in. cork on 
concrete raft. 

Felt on cement 
screed on 3 in. 
foamed slag on 
concrete. Lining 

1 in. cork plas- 
tered. 

4} in. brick, 2 in. 
cavity. Inner 

wall of stud parti- 
tion with internal 
sheet of plaster 
board and external 
sheet of asbestos 
cement with 3 in. 
slag wool filling. 

As L.R. except 
layer of alumi niu m 
foil substituted for 
slag wool filling. 


Note. — Grade C house has double windows to the living room. 
Grade D house has double windows throoghout. 


The extent of heating provided may be 
classed under four headings : 

1. Pre-war Standard (5 houses). 

Heat in living rooms but none in bed- 
rooms. Kitchen and dining spaces de- 
pendent upon heat from cookers and any 
domestic hot-water heaters. No heat in 
entrance halls. 

c 

2. Improved Standard (6 houses). 

Central heating as a background and 

topping-up heat by means of electric or 
gas heaters to the living rooms and bed- 
rooms. Halls heated. 

3. Full House Heating (5 houses). 
Provision to warm all rooms, but not 

essentially continuously. 

4. Miscellaneous (4 houses). 

This type with 


according to Building Study No. 19 (p. 527) 
gave improved conditions. Central heating 
{“ whole house ") gave highest efficiency. — 

5 . G. B. S, and L.J.O. 

HEAT PUMP INSTALLATION. The 
term Heat Pump is applied to a method 
of extracting heat from ordinary river or 
well water, and even from the earth or air, 
and utilising it for central heating and hot- 
water supply. One such system has been 
installed at Norwich bv Mr. J. A. Sumner. 
M.I.Mech.E., City Electrical Engineer. 

The action of a heat pump plant is illus- 
trated. Water at 40® F. is pumped from a 
river, passed through a pipe coil and dis- 
charged as finished with at 38® F. The coil 
is housed in a chamber containing sulphur 
dioxide which boils at a temperature of 


solid fuel cookers in 
kitchen-living rooms, 
but one house en- 
tirely nondescript. 

The Abbots Lang- 
ley heating tests 
(1947-1948) were not 
limited to space heat- 
ing, but included all 
forms of fuel con- 
sumption. The first 
Report confirmed 
that houses insulated 
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30® F. wlieh under 22 lb. pressure per sq. 180 degree dmsions in the Fahrenheit scale, 
in., and, in vaporising the sulphur dioxide is that one B.Th.U. is 1/180 the amount 
extracts its latent heat from the water in of heat required to raise one pound of 
the coil. The vapour is picked up by a water from 32® F. to 212® F. In order 
compressor which increases the pressure to raise 50 lb. of water through 20® 
and temperature of the vapour, which is Fahrenheit, therefore, 50x20, or 1,000 
then delivered through a coil in a second B.Th.U. would be required, 
chamber or calorifier containing the water It is in terms of B.Th.U. that heat 
to be heated for central heating or hot- equivalents of other forms of energy are 
water supply. In this coil the vapour con- expressed. For instance, i kilowatt-hour 
denses to liquid, giving off its latent heat (s^^Electricity,p.35i)cqua1s3,4i5B.Th.U,^ 
to the water to be circulated in the build- and mechanical energy, expressed jn ft, lb., 
ing. The liquid of condensation in the is related to heat by the equation : 
coil returns through a pressure-regulating i B.Th.U. =772 ft. lb. The B.Th.U. is 
valve to the first chamber, and the process the most widely employed of all heat units, 
repeats as a cycle of operations. as it is used to express the heating capa- 

In the example given, the water to the city of all apparatus — whether hot water, 
building flows at 120® F. and returns at steam, gas, or electricity — the calorific 
no® F., and, as with a temperature drop value of fuels, latent and specific heat, 
of 10® F. only there would be very little heat loss, and for many other calculations, 
circulating pressure due to gravity, a Calorie. The unit of heat used in the 
circulating pump would be required. metric system which corresponds to the 

For working such a plant no expense B.Th.U. in the British system. A small 
would be incurred for fuel, solid or liquid, calorie, or gramme-calorie (c), is the 
in process of combustion, but there woulcl amount of heat required at normal 
be the coal of driving the water supply pressure to raise one gramme of water 
through the coil in the first chaniber and through one degree Centigrade ; or, more 
the cost of driving the compressor. The accurately, from 15® to 16® C. The large 
cost of driving the pump for circulating calorie, or kilo-calorie (C), is the amount of 
hot water in the building would be similar heat required to raise one kilogramme of 
in any system. water through one degree Centigrade. The 

In regard to the river water from which large calorie is a thousand times greater 
heat is abstracted, assuming th^t the heat than the small caloi ie, and is equal to 
required for the building is 800,000 3*^7 B.Th.U. ; i B.Th.U. per sq. ft. equals 

B.Th.U. per hour and the water tempera- 271 calories per sq. metre, 
ture is lowered from 40° F. to 38° F., as The mechanical equivalent of heat, or 
I lb. of water cooling i® F. gives off i Joule’s . luivalent, is related to heat by 
B.Th.U. the volume* of water at a drop of the equ . ion : i gramme-calorie =4*185 
2® F. required to be circulated per hour joules. 1 lie mechanical equivalent of heat 
will be : — Q is the amount of mechanical energy 

500,000 _ 400,000 lb. required to raise one pound of water 

2 through one degree Centigrade, 

approximately 40,000 gallons. Joule. A heat unit expressed in terms 

In working this system the electric electricity and not to be confused with 
power absorbed in driving pumps and joule’s equivalent. It is the amount of 
compressor is more efficiently used than if heat generated when a current of one 
electricity was used direct for heating by ampere flows for one second against a 
coil resistance.— -I. J. Overton. resistance of one ohm. 

HEAT UNITS. The following are the Therm (io( .000 B.Th.U.). The therm 
chief units used in heat calculations. represents the quantity of gas required 

British Thermal Unit (B.Th.U.— often to produce 100,000 B.Th.U. on combustion, 
B.T.U., the original contraction, which and is the unit by which gas is sold to the 
is likelv to be confused with the electrical consumer. Therm is also another name 
unit and therefore is not employed in this for gramme-calorie (see under definition of 
work). The quantity of heat required at Calorie, above). 

normal pressure to raise one pound of Degree. The unit of temperature, 
water through oM degree Fahrenheit. A whose absolute value depiends on whether 
more accurate definition, since there are the scale is Centigrade, Fahrenheit, or 
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R^amur ; 4 R&imur degrees =. 5 Centi- 
grade = 9 Fahrenheit. {See also Centi- 
grade]; Fahrenheit.) There are 100 degrees 
from the melting point of ice (0°) to 
the boiling point of water (100°) in the 
Centigrade scale ; 180 degrees in the 
Fahrenheit scale (32° melting point, 
212® boiling point) ; and 80 degrees in 
the Reamur scale (o® melting point, 
80® boiling point). — E. V. Penn, M,A. 

See Heat. 

HEMP. Used by the plumber for 
rendering watertight certain joints which 
require a “ packing.'* It is usually 
purchased by weight in coils, twisted 
loosely, and can easily be unravelled, so 
that a packing of any size car be made. 
For use on cylinder or other unions 
which have not a groimd joint, the hemp 
may be unravelled off the coil and twisted 
to form a soft twine, on to which the 
jointing compound may be applied with 
the finger and thumb. Hemp is often used 
to wrap round the spigot end of wrought- 
iron pipes after they have been threaded 


and the jointing compound has been 
applied ; it is in this case used in strands 
rather than in the form of twine. 

HIGH PRESSURE SYSTEM: 
Acetylene. System of welding, cutting, 
or brazing which depends upon the use 
of acetylene under high pressure. This 
name has come to imply the use of “ dis- 
solved acetylene," compressed into steel 
cylinders containing a porous mass and a 
solvent, acetone. The pressure is 225 lb. 
per sq. in. The acetylene is not, of 
course, used under such a high pressure, 
but it is employed in the blow-pipe at 
pressures higher than those used when 
the acetylene is taken from generators. 
During recent years, however, there have 
appeared on the market generators which 
work at high pressure ; and also acetylene 
boosters which increase the pressure of 
the acetylene in the mains above that at 
which it is produced in the generator, but 
below that at . which it is taken from 
acetylene cylinders, 
c, See Fusion Cutting ; Welding. 


HOSPITALS : (1) NOTES ON SANITARY FITTINGS 

By E. Thomas Swinson, F.R.San.l., 

Late Chief Inspector, Public Health Dept, London County Council 


Information is here given about the special fittings used in hospitals and nursing 
homes, with details of typical patterns. For the plumbing, etc., the reader should 
refer to individual articles elsewhere In* this work under such headings as Bath, 
Flushing Cistern ; Lavatory Basin, Sink. Ventilation, hefting and hot water supply 
to hospitals are dealt with in the second article of the present group. Layouts 
for Sanitary units, etc., are given in Coloured Plate facing page 536. 


Hospitals are broadly classified as 
(a) general and {b) special hospitals, the 
former principally for the treatment of 
medical and surgical acute sick cases, and 
the latter for the treatment of patients 
for whom segregation is necessary, e,g. 
infectious diseases, tuberculosis, ment^ 
diseases, epilepsy, and orthopaedics. 

In a hospital sanitary fittings of types 
common to other buildings are installed, 
but in addition many fittings of special 
design are essential — for the personal use 
or treatment of patients, for the use of 
the medical, nursing and other members of 
the administrative staff, and for kitchens, 
laundries, operating theatres, post-mortem 
rooms and mortuaries. 

It is customary in a modem hospital 
to provide a main sanitary unit situated 
within the administrative section and 
directly accessible from the main ward 
and service corridor. From a staff 
working standpoint^ it is considered that 


this unit should not be at a greater 
distance than 64 ft. from any bed in the 
ward. If the length ‘^of the ward makes 
this impossible, a subsidiary sanitary 
section or annexe is necessary. 

Main Sanitary Unit. Generally, the 
main sanitary unit should contain bath, 
lavatory basin, and water-closet accom- 
modation, and a sink room fitted with a 
bed-pan sink and racks, scalding sink, 
slab, and mackintosh rails, a bowl or 
bed-pan sterilizer, and a ventilated bed- 
pan storage cupboard. The subsidiary 
section or annexe can be fitted with a 
bed-pan, racks and cupboard, a scalding 
sink, and a sink for general purposes 
provided with a hot and cold water 
supply. 

Fig. I (Fi|s. 1-5 are printed in Plate 
facing page 536 (illustrates a main sanitary 
unit for a general hospital. Figs. 2 and 3 
show by plan and sectiop alternative 
layouts of sink room fittings, the distinc- 
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tion between the layouts being the 
provision in Fig. 2, (see Plate) of a bed-pan 
sink and in Fig. 3, (see Plate) of a special 
bed-pan washer. 

For patients* use in the ward of a general 
hospital, wash or lavatory basins should be 
provided. Such fittings may be in the 
ward, partly enclosed by a glazed screen. 
Fittings of this type are desirable also 
in each isolation ward for the use of doctors 
and nurses, and can be fixed on each side 
of a partition separating two wards, 
that is, back-to-back, thereby permitting 
grouping of waste pipes and supply 
services (see Fig. 4 in Plate f,p. 536). 

The bathing arrangements for patients 
in infectious disease hospitals require 
special consideration. The practice mostly 
followed is blanket bathing, but bath- 
rooms and fixed baths are also required. 
For “ isolation ** or “ separation ** wards 
containing single beds, one bathroom is 
suggested for every twelve wards. In 
these hospitals the practice is sometimes 
followed of fixing lavatory basins for the 
patients’ use in the service corridor. 
Where this is done, protection against 
frost should be assured. The sterilization 
of the jDatients’ crockery and cutlery and 
enamelled iron ware is necessary in infec- 
tious diseases wards and hospitals, and 
can be carried out most effectually in 
steam sterilizers. 

a 

In the maternity department of a 
hospital a babies’ bathroom is essential, 
with fixed baths not too close together, 
a slop sink, bed-pan washer, incinerator, 
and a steam sterilizer for bed-pans. 

l^or a dental department sinks and 
lavsrtory basins are needed, with hot and 
cold water supplies, a fountain spittoon 
with saliva ejector, and in the “ recovery ” 
room a bubbling fountain at which 
patients can apply their mouths direct to 
the water, so obviating the use of mugs. 

Where a laboratory is provided, staining 
sinks fitted with swan-neck taps (cold 
supply) and one or more sinks of “ Bel- 
fast " pattern, with hot and cold water 
supplies, are requisite. 

For out-patients' departments sufliaent 
accommodation in the way of sanitary 
conveniences is incumbent. 

Administrative Block. • Facilities in 
the form .of lavatory basins, sinks and 
sanitary conveniences are necessities in 
the administrative block — in which are 
included offices, waiting rooms, steward’s 


stores, main kitchen with wash-up scul- 
leries, dispensary, mess-rooms, and resi- 
dential quarters for the various grades of 
staff. The fittings needed are similar to 
those provided in buildings used for other 
purposes, and therefore need not be 
described in this article with the exception 
of special provision for the resident 
medical and nursing staff. For these the 
conditions vary so greatly that it is 
difficult to lay down a standard of accom- 
modation, but the following will serve as 
a guide. 

Medical Staff. A lavatory basin in 
every bedroom and one bathroom for 
every four residents. 

Nursing Staff (Female). Bathrooms and 
water-closets in a sanitary section in the 
ratio of not less than one to eight and not 
more than one to six staff- grouped on 
each bedroom floor in proportion to the 
number of bedrooms. One lavatory ba.sin 
in each sanitary section. Hair shampoo 
facilities — one basin to 50 nurses — 
together with shock-proof hair-drying 
arrangement. Personal laundry facilities 
— a small room equipped with sinks, 
drying, ironing and airing apparatus. 
Lavatories and cloakrooms in close prox- 
imity to dining rooms. In each bedroom a 
fixed lavatory basin with hot and cold 
water, minimum .size 18 in. by 10 J in., 
with a wide margin at the back of the 
basin at basin level for water bottle, 
glass, etc., with a towel rail at each side. 

Nursing Home. A plan of sanitary unit 
for a .lursing home (four floors) is given 
in Fig ;, (see Plate /./>. 536). 

DESCRIPTION OF FITTINGS 

In any description of fittings it should 
be borne in mind, particularly in regard 
to fittings in hospitals, that they are very 
liable to change in character and design 
as experience is gained in their use, and 
consequently little useful purpose would 
be served by suggesting a specification 
except in general terms. The simplest 
method of indicating the actual needs is 
possibly by a description of the various 
fittings under their respective heads. 

Baths. Notes on baths suitable for 
hospital use arc given under the heading 
Baths and Bathrooms (which see). 

Lavatory Basins. Lavatory basins, 
whatever the position or use, should be 
made of white glazed fireclay or vitreous 
china. A brief description of basins 
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suitable for ward use is as 
follows : basins to have 
deep bowls and weir over- 
flows ; to be fixed 2 in. 
clear of wall surfaces on 
porcelain enameUed cast- 
iron cantilever brackets 
pinned into wall if over 
3 in. in thickness ; where 
fixed next to a wall 3 in. 
or less in thickness* the 



FIf . 7c. ••Bith’* 
lurgaon't lavatory 
basin. In taction. 
(Sea Fig. 7b.) 
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dean pattern non- 
concussive white-metal 
valves with adjusting screw 
under cap, vulcanite or 
woodite plugs and white- 
metal chains. 

Surgeons" Lavatory Basins. 
For use in operating 
theatres and post-mortem 
rooms special lavatory 
basins are required for the 
use of the surgical staff. 
Various designs are 
favoured. Figs. 7a and 7b illustrate two 
suitable types. The second pattern is 
shown in section by Fig. 7c. 

Lavatory Troughs. Some surgeons prefer 
lavatory troughs of the type shown by 
Fig. 8. Tliese fittings should be of white 
glazed fireclay or vitreous china, of 
rounded interior section to prevent 
splashing, with a li-in. waste outlet, and 
fixed so that the tops are 2 ft. 7 in. above 
the floor level, 2j-in. clear of the wall 
f^ces ; supported on porcelain enamelled 
cantilever brackets with studs cast on to 
fit into dowel holes on underside of 
trough. Details of fixing to be as intimated 
for basins for ward use, and supply valves 
with quick turn action and long hospital 
pattern levers. 

. Sinks. For general use, sinks of the 
Belfast paUem, as illustrated by Fig. 9 
(p. 531), are serviceable. They should be of 
heavy pattern white glazed fireclay with low 
open-ended weir overflows, having white- 
metal gratings and outlets slotted for 


Fig. 7a (above). *' Surgeon '■ " lavatory basin in 
white glazed fireclay with foot-action ** Duplex *' 
mixing valve and vulcanite standing waste and 
overflow. (Dtnl and Hellytr, Ltd,) Fig. 7b 
(right). ** Bath " surgeon's lavatory basin with 
quick turn wrist-action supply valves, anti-splash 
nozzle, and c.-i. brackets ; 32 by 17 in. overall. 

Leeds Fireclay Co, Ltd. 



brackets to be bolted 
through to back plates, 
the front ends to have 
porcelain enamelled 
wrought-iron or tubular 
‘legs with socket and 
flanges for screwing to 
floors. Basins to have 
white-metal gratings and 
outlets slotted for over- 
flows ; with screwed 
unions and lock-nuts for 
i|-in. wastes ; and }-in. 
hot and cold heayy pat- 
tern press or screw-dovm, 
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overflows, with tail unions and lock- 
nuts for i^-in. wastes; vulcanite 
or woodite plugs with white-metal 
chains ; ^-in. hot and cold white- 
metal screw-down bottle-nose valves 
fixed 12 in. above the top of the 
sink, with white-metal stays, sleeve 
piece and socket on back plate. The 
fixing should be as for lavatory 
troughs. 

A convenient size is 24* x i8*x 10*, 






Slop Sinks or Hoppers. 
For the reception ot 
foul solid and liquid 
matters and their direct 
discharge into a soil pipe 
or drain, slop sinks or 
hoppers of special 
design are needed. Fig. 
II illustrates one of 
standard design fitted 
with a flushing qm 
and cistern and hot and 
cold draw-off valves 
over the sink. A com- 
bined mackintosh and 
slop sink is frequently 
used in place of 
separate fittings. 



HOSPrALS : SANITARY FITTINGS. Fig. •8. 
Elevation *tnc: cross-section of lavatory trough, 
fixed 2i In. off wall on porcelain-enamelled c.*l. 
brackets ; or supported on porcelain-enamelled 
C.-I. legs when fixed to a partition. Valves with 
quick turn action and long levers ; 2 ft. 6 In. or 
4 ft. long by 1 ft. 8 in. wide by 1 1 in. deep. 

but the following are also found to be 
useful : iS'" X IS^'X S'" ; so'" x 20'' x 10^ ; 
36" X 24^ X lo'' ; and 38'' x 22^^ X lo''. 

Scalding Sinks. These are* essential in 
most hospitals. A standard type is 
illustrated by Fig. 10, made in white glazed 
fireclay. The most usual sizes are 2' b'' x 
i' 8 " X lo'", and 3'^6'' x i' 8 ^^ X lo'' overall ; 



Dent end HsUarer. Ltd. 

with ij* or 2' waste outlets. The sinks 
should be fixed 2* clear of the wall faces, 
with the top 2' 7' above the floor. Supply 
valves (hot and^^icold) should be of the 
quick turn acaon with long hospital 
pattern levers. 



Fig. 10. Scalding sink with end recess for vulcanite 
standing waste ; 42 in. by 20 in. by 10 in. ; cantilever 
brackets with cast-on studs fitted Into holes under 
sink, and built into brick wall or screwed to partition. 


Bed-Pan Sinks or 
Sluices For empty- 
ing ai.d cleansing 
bed-pans and urine 
bottles a bed-pan 
sink is commonly 
installed. Fig. 12 
indicates a standard 
type. This fitting 
is also often com- 
bined with a mac 
kintosh sink. 

Flushing of Sinks. 
Adequate flushing 
arrangements must 
be provided for the 
cleansing of slop 
sinks and bed-pan 
sinks, bed-pans and 
urine bottles. For 







Co/d 



1g. 11 . Slop hopper with lugs ; teak rim, *-ln meui 
rid, screw-down valves, 18 In. by 16 In. ; 6^allon 
,.i. enamelled cictarn ; sflueh rod with crooked end 
and guides. 
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HOSPITALS SANITARY 
FITTINGS. Fig. 12 (left). Bed- 
pan sink with flushing rim, and 
jets, on enam. c.-i. cantilever 
brackets ; 26 in. by 20 in. ; 2- 
gallon c.-i. enamelled cistern. Fig. 
13 (above). Neosan*’ bed-pan 
and urine bottle washer built into 
wall, metal container, pedal-oper- 
ated door, self-closing valves, vent 
and P trap. {Shanks & Co., Ltd.) 


6 ft. 6 in. above the floor. 
The supply valves should be 
adjusted so as to fill the 
cisterns in not more than two 
minutes after discharge. 

For slop sinks the draw-off 
valves over may be of the 
screw-down type except in 
labour rooms and operating 
theatres. In these cases they 
should be of quarter-turn lever 
action. 

The jets for bed-pans and 
urine bottles should be con- 
trolled by white-metal valves 
with lever handles. 

The water supply to jets 
should be derived from a 
storage cistern. There should 
be no connexion between the 
jets and any service pipe con- 
veying drinking water. Slop 
sinks and bed-pan sinks arc 
soil fittings, and the arrange- 
ment and construction of their 
waste pipes should be identical 
with those of soil pipes. 


the sinks, a flushing 
rim is imperative 
and means of flush- 
ing in the form of a 
flushing cistern. For 
bed-pans and urine 
bottles jets are re- 
quired. Flushing 
cisterns should have 
a capacity of two 
gallons : they should 
be porcelain enam- 
elled, of the flush flat 
bottom type, with 
valvcless siphon, high 
or low pressure ball 
valve as necessai^^ 
and i-in. overflow. 
The flush pipes can 
be of galvanized steel 
tube with clips, 
chromium-plated 
connexions at head, 
and lead connexions 
to fittings. Cisterns 
should be fixed on 
porcelain enamelled 
iron cantilever 
brackets with the 
bottoms not less than * 



Fig. 14 (left). "Protector" bed-pan 
wether with porcelain enamelled c.-l. 
interior, counter-balanced door oper- 
ated by pedal, separate 8t(», cold water 
fluth, and urine bottle flush valves : 
"Anti-D" trap with access plate. Fig. 15 
(above). Bed-pan sterilizer of heavy 
gauge copper, tinned Inside ; riveted and 
stayed steam pad ; hinged lid with 
underlining and Insulated handles ; 
ateam inlet and condense outlet, dis- 
charge and filling valves ; carriers for 
bed-pant ; heavy brackets and floor 
supports. (Dent & HMytr Ud.) 
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For drying bed- 
pans a heated rack 
is usually required 
and a ventilated 
cupboard for storing. 

For urine bottles 
a rack is a con- 
venience. 

Bed-Pan Wash- 
ers. The cleansing 
of bed - pans and 
urine bottles in bed- 
pan sinks is the in- 
evitable cause of 
effluvium, and the 
emptying and cleans- 
ing of such utensils 
is one of the most 
disagreeable duties 
to be carried out 
by nurses. These 
circumstances can 
be avoided by the 
provision and use of 
automa^ie enclosed 
washers of the kind 
illustrated by Figs. 
13 and 14. The 
vent pipes to these 
washers should dis- 
charge into a ver- 
tical 2-in. external 




HOSPITALS : SANITARY FITTINGS. Fig. 
16 (above). ** Projector *' enclosed wash- 
down closet: white fireclay closet for build- 
ing into wall ; teak insets, 3-gallon low- 
level cistern with central thunnb-press lever 
in sloping cover ; “ Duro ’* valve fittings ; 
ball cock (Shanks & Co., Ltd.). Fig. 17 (right). 
W.C., bracket pattern on white enamelled 
c.-i. brackets pinned into wall ; ** Paragon 
rubber non-contact seat on pillar hinges; 
2-gallon enamelled c.-i. cistern on cantilever 
brackets, 1i in. off wall. 



cast-iron, coated pipe • 

carried to a suitable position where nuisance cisterns, fittings, and fixings can be as 
is not likely to be caused. The waste pipe described previously «(see page 531). Low- 
should be trapped and discharge into a down pedestal fittings (Fig. 18) are satis- 
soil pipe junction, and the trap should be factor*, for children’s use. The pattern 
ventilated by a 2-In. pipe arranged in the illustn.'i..d has teak insets. 
cus^,omary manner for soil fittings. In the administrative block good type 

The claim is made in some quarters pcdv^stal fittings can be fixed. Suitable 
that these washers can be used for patterns are included among those des- 
sterilizing bed-pans after cleansing, but a cribed and illustrated in the article on 
better and safer course is to provide a Water Closets (which see). 
sterilizer of approved type (Fig. 15). For patients’ use in mental hospitals 

Water Closets. For fixing within and the like an enclosed fitting offering 
hospital ward blocks, water closets of the the least opportunity for injury or 

bracket or projector pattern "™‘suse is imperative. Fig. 

(Figs. 16 and 17) are best — 16 3 -t the top of the pag. 

fixed clear of walls and floors. J..> shows a fitting of this 

A typical fitting of the bracket /^Jj character. Being of the pro- 

pattern is illustrated in Fig. 17. IT 5 / jector pattern it is clear of 

It should be fixed on white Uv 

porcelain enamelled cast-irpn |l into the wall. Teak insets 

brackets pinned into walls, as are fixed for the seat. The 

indicated in the sketch. Para- low-level cistern is operated 

gon rubber non-c..ntact seats ,3 chiidr..-. p.d..t.. a thumb - press lever m 
are to be recommended, as w.c. with teak ineet, plain trap, the centre of the siopuig 

shown on this closet. Flushing touin. hiKh. cover. 
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HOSPITALS : (2) HEATING. HOT WATER SUPPLY 
AND VENTILATION 

By L. C. C. IUyn«r, A.LE.C 

Saniury fittings, etc of hospluls having been dealt with in the preceding article, 
the present contribution discusses the requirements In the way of Heating, Hot 
Water Supply and Ventilation. For general practice in these departments the 
reader should refer to the articles elsewhere under appropriate headings. 


The first essential of any hospital 
equipment is that it shall be completely 
reliable, and this applies especially to the 
mechanical equipment to be discussed in 
this article. Every item should be of 
good quality, and particularly such things 
as valves which are a source of contin- 
uous maintenance to avoid breakdown. 

Boiler Installation. Starting at the 
boiler house, most hospitals require a 
supply of steam for sterilizers (which will 
be distributed throughout the hospital), 
for the kitchen, and, in a big hospital, 
for the laundry. The usual practice, 
therefore, is to use steam boilers only, 


warming by calorifiers {which see) any 
hot water required. The number of 
boiler units required will depend on the 
load and its variation throughout the 
year. Most certainly at least two should 
be used, with sufiScient capacity to have 
a margin over the maximum likely 
demand for steam. To arrive at th^ 
demand is not simply a question of adding 
up the various loads. The maximum 
consumption of steam by the sterilizers 
will not coincide with the maximum 
consumption of hot water for baths, but 
may with the maximum kitchen demand. 
itidk factors must be considered in deter- 
mining the proper boiler power. 

The most usual boDer is the Economic,*^ 
also called the horizontal return-tube, 
and occasionally the dryback. The last 
term really embraces several other types 
of boiler, and should not be used. The 


most modem type of Economic boiler is 
known as the high velocity type. It has 
small fire tubes and uses an induced 
draught fan to draw the flue gases through 
them at high velocity. It has a high 
efficiency but requires more frequent and 
skilled attention than the normal type. 

The necessary adjuncts to the steam 
boilers will be required, such as boiler 
feed pumps, condense tanks, make-up 
tanks, etc. All that need be said here is 
that every opportunity should be taken to 
avoid waste. The exhaust steam from 
the pumps should be used in calorifiers 
to supply hot water. The boilers will 

usually run at 
6 o to 100 lb. 
per sq. in. 
pressure, to en- 
able the use of 
economical 
pumps and to 
reduce waste 
i n supplying 
steam to the 
farthest parts 
of the hospital. 

H eating 
System. The 

heating will usually be effected by low 
pressure hot water. Calorifiers of the type 
shown in Fig. i should be used. It will be 
seen that the waterway is inaccessible for 
cleaning. This will be quite satisfactory, 
since the same water will be circulated 
through it continuously. Locate the 
calorifiers in the central boiler house and 
not in each ward block. Thus leaky joints 
and traps will not go undetected, and un- 
necessary duplication of pipes is avoided. 

Maintenance costs will be reduced also 
because the number of units will be smaller 
and they will be accessible. The calori- 
fiers should have bucket-type steam 
traps with isplating and bypass valves, 
themiostatic temperature relating valve, 
steam stop valve, flow and return valves, 
thermoineter, safety valve and drain 
cock. These are &own in Fig^ 2. The 
calorifiers are usually carried on cradles. 
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They should be in duplicate, or, if the load 
is large enough, in triplicate, so that one 
is available always as a standby. 

The heating s)rstem 
must be accelerated, 
owing to the long pipe 
runs necessary. Cen - 1 
trifugal pumps are I 



One disadvantage of radiant heating is 
the initial cost, and for this reason rap- 
tors are more usual. They should be of 
the hospital type, the sections being flat 
and smooth. There must be sufficient 
space between the sections to allow of easy 
cleaning. Their installation will be similar 
^ _ .to that in any other 
building. A good plan 

^ Thermoitat 


Capillary Connexi 


HOSPITALS 

TILATION. 


HEATINQ, 

Fig. 2. Heating calorifler : connexions, 
fittings and accessories. 



BypassValve^ 
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yr- 
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employed almost exclusively for this pur- 
pose. They are usually driven by turbines 
using steam from the boilers, the exhaijpt 
steam being employed in the hot water 
supply calorifiers. Here again a standby 
is necessary, and for this an electrically 
driven accelerator is often employed so 
that when steam is not available the 
accelerator may still be used. 

For actual delivery of heat to the rooms, 
radiant heaters of the internal panel 
type or external “ Rayrad " type are often 
employed [see Fig i, p. 848). They have 
the advantages of presenting no recesses 
for the lodgment of dust, and the surface 
being flat is very easily kept clean. For the 
heating of open sun balconies, radiant 
heaters on the ceiling are undoubtedly 
best. See Radiant Heating. 


for the wards is to arrange radiators 
between every other bed, as shown in 
Fig. 3. In this way even distribution of 
heat will be obtained and space will be 
available for bedside cabinets, etc. The 
radiators should be without feet, carried 
on cantilever brackets at least 4 in. clear 
of the floor. There should be a 2 in. space 
between the back of the radiators and the 
wall. In operating theatres the radiators 
are often joined to the pipes with swinging 
connexions (supplied by the manufac- 
turers) to swing out ^he radiator for clean- 
ing. In the operating theatre, too, some 
radiat':*j's are often supplied from the hot 
water 'pply provide heat when the 
heating system is out of use in the summer. 

Wards are usually designed for an 
internal temperature of 65° or 70® F., 
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with not less than two air changes per 
hour (and more if there is cross venti- 
lation). The operating theatre will require 
a temperature of 75° to 80° F. 


Hot Water Supply. The supply for 
a hospital is usually provided by storage 
calorifiers (dealt with under the heading 
Calorifier). A more economical and 
flexible arrangement is to use storage 
cylinders coupled to non-storage calori- 
fiers, as Fig. 4. These are like that in 
Fig. I, but the tube battery is removable 
for cleaning. Similar accessories will be 
required to those shown in Fig. 2. By 
employing these calorifiers one may be 
arranged to act as standby to both heating 
and hot water supply, dispensing with a 
separate unit for the heating. The ar- 
rangement will then be similar to Fig. 5. 
Occasionally separati; calorifiers are in- 
stalled for live and exhaust steam when 
the quantity of the latter is subject to 
wide fluctuations. This might be the case 
when exhaust steam from a laundry was 
used. 

The hot water supply circulation will 
also need to be accelerated owing to the 
long runs involved. A standby unit is 
again required. To save expense one 
accelerator may be used as a standby to 
both heating and hot water supply 


systems, provided the duties required are 
approximately the same. 

In addition to the normal supply to 
baths, basins, sinks and towel rails, it is 

probable that 
hot water will be 
required for bed- 
pan and urine 
bottle racks and 
mackintosh 
sinks. The hot 
water circulates 
through the 
racks to dry the 
vessels on them. 
These fittings will 
be found in the 
sanitary annexes. 

In arriving at the probable demand for 
hot water allow 10 gal. per person for the 
peak liour, or 50 gal. per day. In com- 
puting the number of people, include both 
patients and staff. As a check, count the 
nymber of fittings and allow 9 gal. per 
bath, 5 per basin, 12 per sink and 60 per 
shower for the peak hour. All these 
figures assume hot water at 150° F., and 
should be varied in proportion for other 
temperatures. Keep all exposed pipes well 
off floors and walls for cleaning. 

. Ventilation. Usually the only parts 
of a hospitaj requiring mechanical venti- 
lation are the operating theatre and occa- 
sionally the sterilizing rooms and X-ray 
rooms. The wards will have natural cross 
ventilation. If this is not possible, a 
balanced supply and extract system should 
be used. It is essential that the entering 
air be filtered so as to be dust and ^rm 
free ; draughts and noise must also be 
avoided. If ventilation is required in the 
X-ray rooms the only special precaution 
that may be necessary is the use of light 
traps. Sterilizing rooms occasionally need 
a hood over the sterilizers connected to a 



Fig. 5. Inter-connexioni to enable one calorifier to act as standby to both heating and hot water supplies. 

53^ 


Tubem 



“1 


1 

1 



-HotWalernm 


FloahngHeadar^ 






\Condinseh 

Oullct 


HOSPITALS : HEATING, HOT 
WATER. VENTILATION. F.sx 4. Hot Water Return 
Hot water supply non-storage 
calorifier, for use In conjunction with storage cylinder. 
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point convenient to the wards and install 
a reducing valve to obtain the requisite 
low pressure. 

In a very small hospital, steam may not 
be used, the sterilizers, etc., being heated 
by electricity. In such cases the design 
will follow normal practice, the special 
points discussed above being included. 

HOTEL AND CATERING TRADES: (1) SANITARY FITTINGS 

By E. Thomas Swinson, F.R.San.l. 

Late Chief inspector, Public Health Department, L.C.C. 

Here are set out the requirements of hotels, restaurants and any similar buildings. 

The sections are : A, Residential Suites ; B, Service and Staff requirements ; 

C, Fittings. Layout plans are given In the coloured Plate facing page 544. The 
second article of this Group covers Hot Water and Heating requirements. 

See Bath ; Bidet ; Lavatory Basin ; Sink ; Water Closet. 

(Note. Figs, i to 5 are given in Plate facing pages 544 and 545). 


propeller fan to remove vapour. In all 
cases every part of the plant and ducts 
must be accessible for cleaning. 

Steam Supply. Low pressure steam 
will be needed in the ward kitchens and 
wherever there are sterilizers. If long 
runs are involved it is often more econo- 
mical to take high-pressure steam to a 


The provision to be made in the form of 
sanitary, ablutionary and waste water 
fittings can be subdivided into require- 
ments for : 

(t.) l^oidcntial suites and slcepihg 
apartments ; (b) general and public 
use ; and (c) service and staff. 

In the planning of new residential hotels, 
suites or bedrooms complete with ablution- 
ary and other conveniences are now re- 
garded as essential ; and many existing 
hotels and boarding-houses are being 
modernized so as to provide,* as nearly as 
may be possible (having regard to the struc- 
tural conditions), similar provision for im- 
proving the amenities of the building and 
lessening the labour required in attcnaancc. 

• A. RESIDENTIAL SUITES 

Bedroom Equipment. The least 
accommodation expected is a lavator}" 
basin in every bedroom, complete with 
hot and cold water supplies. The arrange- 
ments made depend upon the layout of 
the apartments, but in the interests of 
economy the grouping of the fitments is 
desirable. With apartments adjoining, 
the simplest method is to fix lavatory 
basins back to back (Fig. ia) or a*' near 
the partition wall as practicable (Fig. ib), 
the fittings being alined vertically so that 
a single main waste pipe and services 
serve the fittings on each floor. 

With good-class buildings the avoidance 
of unsightly pipework on the fa9ade is 
often desired, an»l for this reason, and also 
from the standpoint of accessibility, pre- 
ference is given to its construction within 


the building. For the sake of appearance 
within the building, as much pipework as 
possible should be out of sight in chases 
or recesses, with flush removable panels 
affording ready access (see illustrations 
under Building Construction and One-Pipe 
System), a method practicable in new build- 
ings but not always applicable to existing 
buildings. In the latter the means of en- 
closure are usually restricted to casings. 

Bathrooms. Where more extensive 
provision than a lavatory basin is re- 
quired, this may take the form of a bath- 
room approached dir^ect from the bedroom 
and fitted with bath, lavatory basin, water- 
closet ” nd/or a bidet. Here, again, group- 
ing ol he bathrooms in adjoining suites 
is desir» ble for an economical arrangement 
of the pipework. Fig. 2 shows two fitted- 
up bathrooms in adjoining suites (re- 
peated bn other floors), the bathrooms 
being lighted and ventilated by windows 
in the external wall. With this arrange- 
ment the waste pipes of the ablutionary 
fittings can be kept separate from the soil 
pipe receiving discharges from the water 
closets, or all the waste matters may 
discharge bv a single pipe, t.e. the “ one- 
pipe ** syst^ m, as in Fig. 2. 

A typical mode of planning for a large 
hotel is that illustrated by Fig. 4 in the 
Bath Plate f.p. 93. 

The bathrooms are constructed in an 
internal position, thus reserving the 
external walls of the building for habitable 
rooms ; they are ventilated by mechanical 
means, and a large central duct is formed 
in which all waste. Ventilating and service 
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pipes are installed. Such grouping and 
duct provision eminently favours the 
economical application of the one-pipe 
system to the soil and ablutionary fittings. 

Sanitary Unit. In many hotels and 
boarding-houses the provision made in 
suites or bedrooms is limited to lavatory 
basins. In such case a sanitary unit (com- 
prising fittings not elsewhere provided) 
is necessary, so placed as to be accessible 
to the occupants of the bedrooms. 

The number of sanitary units on each 
floor and the number of fittings installed 
depend on the number of rooms to be 
served. The provision of one fitting of 
each type for every 8 to lo bedrooms may 
be regarded as reasonable accommodation, 
but in determining the number regard 
must.be had to the class of hotel or 
boarding-house. If of the commercial 
class there is often considerable demand 
for access to the conveniences within a 
limited time. Fig. 3 shows a plan of a 
sanitary unit for general use on a floor 
basis of twenty bedrooms. 

One or more service sanitary units are 
needed on every floor, and these should 
contain a sink with hot and cold water 
supplies over and a slop sink. A water 
closet for staff use is also desirable. 

General and Public Use. In addi- 
tion to the specific needs as suggested for 
the bedroom floors, conveniences for 
general use in positions easily reached 
from dining, billiards^ and smoking-rooms, 
lounge, etc., are essential. The extent of 
the accommodation depends upon the 
amount of use likely. If restricted to 
residents the provision need not neces- 
sarily be extensive ; but if public dining- 
rooms, dancing-rooms, or rooms used for 
public functions are within the building, 
the conveniences should be based upon 
the maximum number of persons who can 
be accommodated at any one time. 

No golden rule can be laid down, but 
as buildings used for the purposes indi- 
cated are commonly licensed for music 
and dancing, the sanitary accommodation 
should approximate to that required for 
licensed places, of which the following 
is an example : 

Mo/es : 

One water closet for the first 200 ; 

Two water closets for 200-500 ; 

Three water closets for 500-1,000 ; and 

One additional water closet for every 500 
or part thereof over 1,000. 

One urinal stall for evAy 100. 


femo/es ; 

One water closet for the first zoo ; 

Two water closets for 100-250 ; 

Three water closets for 250-500 ; and 

One additional water closet for every 400 or 
part thereof over 500. 

The standard here set out is not a high 
one, and where the use of any portion of 
the building is subject to rush hours or 
periods, it may be found inadequate. 
The factory standard (see under Factories) 
more nearly meets the need where public 
dances and other functions are catered 
for. 

Restaurants and Licensed Premises. 

In these (as distinct from hotels) 
suitable accommodation should be pro- 
vided. The necessity for such is now 
recognized by many licensees, and is 
usudly insisted upon by the licensing 
authority. The number and type of con- 
veniences depend upon the number of 
persons accommodated and the character 
of the business carried on. 

^Sanitary conveniences should not be 
entered directly from restaurants, public 
rooms, or places in which food or drink 
for man is prepared, stored or sold. The 
entrance should be through a ventilated 
approach lobby. A customary form of 
planning where the public is admitted 
is through a cloakroom as shown in 
Fig. 4, which illustrates conveniences for 
mdes and * females each approached 
. through a cloakroom, the urinal apartment 
being aerially disconnected from the 
cloakroom by an apartment fitted with 
lavatory basins. 

Where hairdressing saloons are pro- 
vided, lavatory basins are needed ^ed 
with sufficient space between (not less 
than 8 ft. centres) to allow room for use. 

B. SERVICE AND STAFF 
REQUIREMENTS 

The service requirements (i,e. kitchens, 
sculleries, and serveries) in a large hotel 
or catering establishment comprise ordi- 
nary type sinks with hot and cold water 
supplies, vegetable sinks and troughs, 
sinks for washing up — including suitable 
fittings for cooking utensils, tableware, 
cutlery and plate, and, on occasion, 
machines for washing dishes, etc. ; also 
boiling and steaming pans for hams, 
vegetables, soups, milk, boiled meats ; 
steainers for potatoes, etc. ; and 
steam kettles of the counter tvpe for 
tea and cpfiee. Fig. 5 (ss^ Plate / 545) 
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illustrates a layout of kitchen, scullery, 
vegetable preparation room, pantry, etc. 

Wall and Floor Finishings. Finish- 
ings for bathrooms are described under 
Baths and Bathrooms, and this description 
applies to all apartments housing sanitary 
fittings. A satisfactory finish for the 
walls and floors of kitchens and sculleries 
is a dado 8 ft. in height of glazed tiles or 
terrazzo, with the wall surfaces above 
painted. For floors a finish of terrazzo or 
quarry tiles is suggested as suitable. 

Drainage. The removal of waste water 
and floor drainage from kitchens and 
sculleries needs special attention. The 
waste water from boiling and steaming 
pans, plate washers, etc., should be dis- 
charged into open glazed-ware channels 
leading to trapped gullies outside the 
building. Drain inlets within a place where 
food is prepared or stored are not permis- 
sible. Waste pipes of sinks should be 
trapped immediately under the fittings, 
and discharge (preferably by side or back 
inlets) inio trapped gullies situated in an 
external position. 

Fixing Fittings. All sinks and other 
fittings should be fixed 6 in. clear of the 
walls, and pipes 2 in. clear of the walls — 
measured from the asbestos or other 
non-conducting covering material. This 
mode of fixing should be regarded as an 
essential precaution to lessen the opportu- 
nities for infestation by cockroaches, 
steam flies and other insects, and to allow 
for cleaning and the maintenance of the 
wall surfaces. 

Disposal of Greasy Water. A matter 
of some difficulty in hotel and restaurant 
kitchens is the disposal of the waste water 
containing much grease. In small establish 
ments the sink and other waste pipes can 
discharge into flush-out grease traps {see 
under Grease Trap) fitted with auto- 
matic flushing cisterns {see Flushing Cis- 
tern), and from thence to drain and sewer. 

Where the quantity of greasy water 
cannot be thus disposed of, grease-retain- 
ing traps can be used, arranging for 
periodic removal of the solidified gr^^ase. 
For large establishments where a consider- 
able volume of hot water is used, making 
it impracticable to solidify the grease in a 
retaining trap, receiving tanks of consider- 
able size' aj^e needed, with frequent 
removal of the gs i^ausy liquid contents into 
skips or other receptacles, and removal 
from the premises for disposal elsewhere. 


Staff. For resident staff one or more 
sanitary units should be provided in 
suitable positions on the bedroom floors, 
with bath, lavatory basin and water 
closet fittings for general use. A lavatory 
basin in every bedroom is an appreciable 
convenience. The type and number 
suggested for . nursing staff in hospitals 
{see Hospitals) may be accepted as 
suitable. 

For kitchen and other staff groups, 
washing facilities and water closets (with 
urinals for males) are needed in positions 
readily accessible from the place of work- 
ing. In the main kitchen the provision of 
a hand-washing trough with spray jets can 
be recommended. 

C SANITARY FITTINGS 

Lavatory Basins, Baths and Bidets. 

Lavatory basins for fixing in, or in connex- 
ion with, bedrooms, or for general use in 
hotels, resemble those for other buildings ; 
and the same may be said of baths. 
Selection rests largely upon the class of 
building and persons for whom the accom- 
modation is provided — cost often being 
the deciding factor. 

Bidets have of late years come much to 
the fore — particularly for installation in 
hotels. Properly used they are ablutionary 
fittings, and the waste pipes can therefore 
be treated identically with the waste pipes 
from baths and lavatory basins (but for 
this point the by-laws and regulations of 
varion-' authorities differ ; see Bidet). 
The V er supply is in the form of an 
ascending spray and it is essential that 
care should be taken to avoid any back- 
flow from the fitting into the water supply 
services, with the possibility of polluting 
water intended for drinking purposes. 
The safest plan is to supply the fitting from 
a storage cistern used only for flushing 
water closets, urinals, and other soil 
fittings. 

Water Closets. Siphonic and wash- 
down water closets are in every respect 
satisfactory For use by residents or 
customers, seats of bakelite, or hardwood 
polished or finished with a hard enamel, 
should be fitted. For general use seats 
with cut-away fronts are desirable ; for 
males, partic^arly where urinals are not 
available, the self-lifting pattern pos- 
sesses advantages. Hardwood rims or 
insets are to be preferred to seats in the 
case of w.c.'s for th£ male staff. 
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hotel ; SANITARY FITTINGS. Fig. 6. ' wo “ Belfast ” sinks combined with teakwood drainers for house- 

maids' sink-room : sinks of white glazed “ Imperial ” porcelain with weir overflow and waste In centre at back; 
wall-face sheath-body taps (left), and swivel mixing valves (right)) ; optional teak pads on sinks. 

Leeds Fireelajf Co., Ltd. 


Urinals. Circular - backed stalls of 
glazed ware are the best, with an auto- 
matic flushing cistern capable of supplying 
one gallon of water to each connected 
stall ; the frequency of the flush is deter- 
mined by what is necessary to ensure 
maintenance of stalls in a clean state. 

Sinks. For housemaids' sink-rooms 
the ordinary deep wash-up sinks, fitted 
with draining boards or slabs with draw- 
off taps over are satisfactory ; and slop 
sinks of the kind shown by Fig. 6. The 
compartments in which the last named are 
fixed should conform to the requirements 


governing water closets, and the waste 
pipes of the slop sinks connected to soil 
pipes or constructed in the same manner. 

For kitchen use, glazed ware sinks 
should be fixed in the main kitchen and 
similar sinks, together with sinks of special 
type, in the pantry. In the vegetable pre- 
paration room and pots and pans cleansing 
rooms, galvanized iron sinks are needed 3 to 
5 ft. in length by not less than i ft. 6 in. 
in width, and not more than i ft. 9 in. 
in depth, fixed with the tops 2 ft. 9 in. 
above the floor. 

For Figs. I~5 see Plate facing pp. 544 and 545. 


HOTEL AND CATCRING TRADES : (2) HEATING, HOT 
WATER SUPPLY AND VENTILATION 

By L. C. C. Rayner, A.I.E.C. 

The general principles and main applications of Heating, Hot Water Supply and * 
Ventilation are treated elsewhere In this work under their own headings. Here 
Mr. Rayner discusses the special requirements of hotels and restaurants. The 
sections are : A, Heating arrangements; B, Hot water supply ; C, Ventilation. 


The heating of an hotel or similar 
building will not differ in its method of 
design from that of any other building. 
The application of the heating installation, 
however, may involve several somewhat 
unusual requirements. As an instance, 
parts of an hotel may be used only once 
each week and arrangements must be 
ipade to allow for this. 

Cooking Requirements. A first 
matter for decision is how much, if any, 
cooking will be done on the premises and 
what method will be employed. If the 
cooking is considerable it is probable steam 
will be required. Thfe being the case, it 


may be the wisest course to use steam 
boilers only, employing low pressure steam 
or hot water heated by calorifiers for the 
heating installation. In a large hotel this 
will probably be the most economical 
method. The design of an installation 
including large high pressure steam boilers 
is a matter for a specialist and will not 
be discussed further. In a smaller build- 
ing large steam boilers have some dis- 
advantages, particularly in the skilled 
attention they require. Here the cooking 
load may be comparatively small and 
very variable, and the more usual practice 
is to employ low pressure hot water heating 
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boilers with a small vertical steam boiler 
for the cooking. 

A. HEATING ARRANGEMENTS 

Having determined that cooking may 
be dealt with separately, the type of 
heating should be considered. In many 
cases (particularly in restaurants without 
living accommodation) central heating 
may not be warranted, and local heating 
by gas or electricity may be more economi- 
cal. Or, owing to the restaurant occupy 
ing but one floor, it may be impossible to 
install central heating without the un- 
desirable showing of pipes unless large 
sums are spent on concealing them. 

Assuming that central heating is to be 
adopted, probably the first difficulty will 
be the position of radiators. In dining- 


one, a chase plan should be prepared to 
avoid unnecessary cutting away. Adequate 
venting is a vital factor in a satisfactory 
installation. Air cocks are not usually 
satisfactory with panels on the ceiling, 
since they must be fixed either on the 
ceiling (where they are difficult of access) 
or in the room above (where they may be 
forgotten or where access may be incon- 
venient). A much better plan is to fix the 
connexions so that they rise continuously 
from panels to risers. The risers may then 
be extended vertically to form permanent 
vents. To assist in this, connexions 
should be as short as possible ; otherwise 
it will probably be impossible to obtain 
sufficient rise, owing to lack of depth in the 
floor. The connexions should be insu- 
lated, particularly if the floor is of wood. 



HOTEL HEATING, HOT WATER. VENTILATION. Fig. 1. Panel heater 
fixed to as nnost convenient position and fbi even distribution of heat. 


A good material is 
asl)estos felt. 

The calculation of 
panels will be similar 
to that of any other 
heating installation . 
and the makers will 


rooms wall space will be occupied by 
tables ; and, in such places as bars, 
settees or chairs and tables will be ranged 
round the walls. Even if space can be 
found for radiators, they will often lead 
to uncomfortable conditions since the 
room occupants will in some jeases be too 
near them and in other cases too far away. 
To obviate these troubles such rooms may 
be warmed by panels like “ Rayrads 
fixed on the ceilings. 

Panel Warming. These panels may be 
of tjjie flush type level with the plaster, in 
which case a beading or moulding should 
be fixed to cover the joints. It is essential 
to fix fibre insulating board J in. thick 
behind the panels, so as to prevent trans- 
mission of heat to the rooms above. The 
pipe connexions will need to be run in the 
floor over the panels. This point should 
be studied before designing the scheme, 
because a wood joist floor may present 
difficulties. Risers or drop pipes serving 
the panels should be pbsitioned so tha the 
connexions may run between the joists. 
If some joists have to be crossed, endea- 
vour to ensure that this occurs as near 
supporting walls as possible where cutting 
the joists will have the smallest possible 
weakening effect,. If the floor is of con- 
crete, chases will be required for the 
connexions. When the building is a new 


give figures for heat emission. To ensure 
equable warming the distribution of panels 
should be as even as possible. A good 
arrangement is to divide the room into 
squares having sides of not more than 
about 15 ft., fixing one panel in the middle 
of each. Panels should also be fixed in 
the neighbourhood of windows to prevent 
down-draught. If electric light fittings 
interfere with suitable placing of panels, 
those ' aving sheet steel faces may be 
adoptc with holes drilk'd to take the 
fittings and conduit. 


/A^Outlet 

Grille 


Radiators. Where panels are not 
desired, radiators 
concealed in recesses [|| I 

under windows I V 

have advantages. I 

(The arrangement L Outlet 

is shown in Fig. 2.) Grille 

The recesses should — 

have fronts, to 
prevent o\ erheat- 

ing of people near * 

them. A grille is 
provided at the ^ 

bottom for air to 
flow in, and a grille 

at the top for air Fig. 2. Radiator concealed 
Tliic in recesa under window : 
to flow out. IJllS III bottom and 

latter grille en- outlet gniie at top; this 

® j arrangement ensures upward 

SUreS an upwara ■ current of warmed air. 


Fig. 2. Radiator concealed 
in recesa under window : 
inlet grille at bottom and 
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motion of the air currents and so affords 
good distribution. The radiator may be 
of the standard type or one of the finned 
type specially made for concealed use. 

When the room is of considerable size it 
will be necessary to fix radiators in the 
interior. These may be on columns, and 
again are preferably concealed in a similar 
manner to Fig. 2. Every endeavour 
should be used in the type of room being 
discussed to make certain that the heat 
is evenly distributed and that no local 
overheating occurs. 

In bars of public-houses a warm foot 
rail is often provided. This may be of 
polished steel tube, and particular care 
must be taken with the supports. In 
public-houses and hotels, wine and beer 
cellars have to be considered. Hot pipes 
must always be kept out of the former. 
In regard to beer cellars, brcwei s' require- 
ments differ : if warmth is required it is 
best provided by a pipe coil fixed near 
the ceiling and controlled by valves. It 
will probably be impossible to avoid 
running mains through the beer cellars, 
but they should be very thoroughly 
insulated. Warmth may then be obtained 
or not, as required. 

Bedroom Warming. Other rooms such 
as bedrooms, lounges, etc., in hotels and 
similar buildings will be treated in the 
normal way for heating. If the building 
is large enough it is worth while arranging 
a separate circuit f6r bedrooms, so that 
they may be controlled apart from the 
remainder of the building. If the staff 
bedrooms are on the top floor it is often 
an advantage to install the heating as a 
drop system. The flow main can then be 
run through the staff bedrooms and will 
usually heat them quite adequately. A 
temperature of 55® F. is usual in guests* 
bedrooms and 60° F. in living-rooms, 
lounges, dining-rooms, etc. 

Electric Radiators. When it is not 
desired to employ central heating, electric 
or gas radiators may be used. Electric 
radiators have the big advantage of la;,k 
of fumes to dispose of. They may be 
plugged in at any power point and are 
easily controlled. Thermostatic switches 
may be used if desired to maintain a 
constant room temperature. The normal 
electric radiator consists of an ordinary 
radiator partially filled with water and 
with an immersion heater screwed into 
the bottom hub. They are made in 


various ratings, the most usual being 
1,000 watts, 1,500 watts and 2,000 watts. 
TTie corresponding heat emissions in 
B.Th.U. per hour may be obtained by 
multipl5nng by 3’4I5. The three ratings 
mentioned would thus emit 3,415, 5*122 
and 6,830 B.Th.U. per hour respectively. 
These correspond to hot water radiators 
having heating surfaces of 22, 33 and 44 
sq. ft. Electrically heated panel radiators 
and tubes may also be obtained for use 
where ordinary radiators are unsuitable. 
See Heating : (4). 

Gas Radiators. Where electricity is 
not available or is too costly, gas radiators 
may be used. They should be calculated 
in the same way as ordinary radiators. 
When the flue gases discharge into the 
room, no heat is wasted, but there is a 
practical limit to the size (or gas rate) of 
such a flueless heater. Each foot of gas 
consumed gives off 450-500 B.Th.U. per 
hour, and is equivalent to about 3 sq. ft. 
of hot water radiation. See Heating : (5). 
^^^len determining the positions for gas or 
electric radiators the same general princi- 
ples should be followed as for hot water 
radiators. 

B. HOT WATER SUPPLY 

An adequate hot water supply is of 
prime importance in buildings where 
cooking is •carried out. Two definite 
methods of arranging for the hot water 
•supply must be distinguished — the instan- 
taneous and the storage methods. ( 5 ^^ 
Hot Water Supply : (4) ; also Thermal 
Storage System.) In the first, water is 
heated as it is required — ^which means that 
the appliance must be capable of heating 
water at the maximum rate at which 
it will be needed. It also means that at 
periods when no water is wanted the 
apparatus must be shut off. This system 
therefore lends itself only to use with 
heating methods that can be quickly 
and easily controlled. 

The storage method of hot water supply 
involves heating water at a more or less 
constant rate and Storing it in a vessel 
from which it may be drawn as required. 
* Most hot water supply installations are 
subject to large variations in demand, but 
this is particularly the case in buildings 
of the type under discussion. Very often, 
therefore, both methods are adopted, 
especiaDy in larger buildings. As an 
instance, steam pipes are often fitted to 
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i^ashing-up sinks. S0I or cold water is 
run into the sinks, ; ^d the steam jets 
turned on if necessary to raise the water 
temperature to the desired degree. 

Storage Heaters. Where it is possible 
to use storage installations they are 
usually more economical. This is defi- 
nitely the case if solid fuel is employed. 




HOTEL: 
HEATING, etc. 

Fig. 3. Storage 
system for hot 
water supply 
with independ- 
ent boiier and , 
200-gal. storage rent 
cylinder, making pjf.n 
possible a supply " 
of 500 gal. over 
three hours. 


[CbldU^ater 
Supply Tank 


^^FeedPtptf 


Supply to Taps 


2 ^ 


Storage 

Cylind':t 



An arrangement which 
has been found satis- 
factory in quite large 
teashops is shown in 
Fig- 3- It consists of 
a round cast-iron hot water supply boiler 
coupled to a galvanized steel storage 
cylinder. The boiler is capable of raising 
the temperature of about 130 gal. of warcr 
100° F. per hour, and the capacity of the 
cylinder is 200 gal. With this combina- 
tion it is possible to obtain 500 gal. of 
really hot water over a period of three 
hours, assuming that the cylinder is full 
of hot water at the beginning of the three 
hours. 

For such an installation to be satis- 
factory a few points require attention. 
First, a reasonable flue is necessary, since 
when the full boiler output is required the 
draught must be gooft. If such a ^ is 
not available, then a gas or electric 
heater is to be preferred. Secondly, if the 
cold water supply tank is on the same 
floor as the boiler and cylinder, the pipes 
should be adequate in size. Each sink 
connexion )^ould be } in. Making allow- 
ance for the faci that not all the taps 
are likely to be m use at once, the main 


undependenA 
Boiler 


pipes may be of the following sizes : up 
to 3 taps, I in. ; up to 7 taps, i J in. ; up to 
13 taps, ij in. ; up to 30 taps, 2 in. The 
cold feed pipe must never be less in 
diameter than the main pipe going to 
the fittings. 

The boiler should be fitted with an 
automatic damper regulator. The output 
required from the boiler fluctuates so 
widely, and so little attention is usually 
given, -that this fitting is very important. 
A final point is the efficient insulation of 
boiler, cylinder and circulating pipes. Not 
only does this prevent fuel wastage, but 
it helps to prevent the kitchen becoming 
unbearably hot — always a difficult matter. 

Where solid fuel cannot be used, the 
most usual alternative is a gas-fired 
appliance. This may consist of a similar 
arrangement to Fig. 3, but employing a 
gas boiler. The requisite 
capacity of the boiler and 
cylinder may be calculated 
from data given below. 
(For the installation of the 
boiler, etc., see under Boiler : 
(2) and (3).) For smaller 
N buildings self-contained 
boiler-cylinder units similar 
to Fig. 4 are used. The heater is composed 
of a spiral of copper tube enclosed in a 
casing with the gas jets below it. The 
flue outlet at the top is fitted with a 
draught diverter. The water circulates 
through the coil from and to the cylinder, 
which has a capaefty of about 20 to 
30 gpl The gas consumption being 
fairly L , the flue pipe is often omitted. 
If the k tchen tends to b(^ hot, then a 



Fig. 4. Self-contained boiler-cylinder units for storage 
system of not water supply, useful where smaller 
amounts are required than provided by system of 
Fig. 3 ; thermostatically controlled, and requiring 
same piping y shown above. 
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flue pipe should be fitted and the apparatus 
lagged. The heater is controlled by a 
thermostat, a fitting which should be 
included on every gas water heating 
appliance. The 
piping in connexion 
with Fig. 4 will be 
the same as in 
Fig- 3 - 

A still simpler 
method of supply- 
ing hot water is 
that shown in Fig. 

5. This requires no 
separate cold water 
supply tank or flue 
connexion. It may 
stand anywhere 
after being coupled 
to gas and water 
mains, and is ready for use. It is of the 
instantaneous type, heating water at any 
rate up to its maximum as it is required. 
A wide range of output ratings is 
available. The interior is similar to a 
geyser. 

The cold water connexion is made to the 
small side tank, which is fitted with a ball 
valve to maintain the proper water level. 
The supply to the taps is taken from the 
union on the opposite side of the heater. 
These water heaters arc fitted with 
thermostats to maintain any desired tem- 
perature. Similar fittings are used to 
supply boiling water for tea and coffee. 

Electric Water * Heaters. Electri- 
city is not often used for hot water supply 
in restaurants or hotels. If it is to be 
adopted, immersion heaters in a storage 
cylinder may be the best method. These 
are dealt with fully under the heading 
Immersion Heaters. The cylinder should 
have a storage capacity equal to the 
maximum two hours' demand, and the 
heaters should be capable of heating up the 
water in the cylinder in about four hours. 
Thermostatic control is necessary. 

Calculating Hot Water Needed. 
The best method of determining the quan- 
tity of hot water that will be used for 
kitchens is from the meal capacity. It 
may be taken that for each meal served 
the hot water consumption wiU amount 
io from ^ to i gal. for the maximum hour 
and from to 3 gal. per day. The 
smaller figure will apply to restaurants 
serving cheaper meals, and the larger one to 
better-class restaurants. If figures are not 


available as to the number of meals served, 
it may be approximated from the number 
of tables and the seating capacity. When 
the plan of a building must be used for all 
information, it may be assumed that a table 
for four people requires 50 sq. ft. of floor 
space. This is an average figure ; in 
cheaper restaurants less space will be 
required, and in expensive ones consider- 
ably more. 

Assuming a restaurant is 100 ft. long 
and 50 ft. wide, then its floor area is 
5,000 sq. ft. At 50 sq. ft. each, it will be 
possible to have 100 tables, seating 400 
people in all. Allowing for some diners 
taking less than an hour over their meal, 
it is possible that 500 meals will be served 
during the maximum hour. The corre- 
sponding hot water consumption will be 
about 250 gal. For such a building the 
apparatus of Fig. 3 would be very suitable. 
The hour before and after the peak hour 
would require only about half the maxi- 
mum, so that the 500 gal. capacity over 
a period of 3 hours given by the apparatus 
of« Fig. 3 would meet all requirements. 
If instantaneous gas heaters were used 
three would be needed, each with a 
capacity for heating 100 gal. of hot water 
per hour. An electric apparatus would 
need to have a capacity of 500 gal. of 
hot water over a period of 3 hours. 

• In a restaurant the hot water con- 
sumption apart from the kitchen will be 
negligible. In an hotel it may be taken 
'that each person will use 8 gal. of hot 
water during the maximum hour, ex- 
cluding the kitchen. Using this figure an 
apparatus of proper capacity may be 
designed, as explained under Hot Water 
Supply : (2). 

C. VENTILATION 

The ventilation of hotels and restaurants 
may be considered under two heads. 
Dining-rooms, ballrooms, etc., require 
almost standard treatment. The kitchen, 
on the other hand, requires special con- 
sideration and it is often difficult to ensure 
satisfaction. As a first and vital principle 
all air flow in the biiilding must be from 
the public parts and mto the kitchen. This 
will prevent cooking smells leaking out 
into the building. Thus, more air must 
be extracted from the kitchen than is 
supplied to it, while in the other rooms 
the reverse will apply. 

The amount of ventilation required in a 
kitchen will depend on its type. If it is 
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HOTEL ; HEATING, HOT 
WATER, VENTILATION. 
Fig. 5. Automatic gas water 
heater, instantaneous type, 
requiring no separate cold 
water supply tank or flue 
connexion. 
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part of a club or hotel it will probably be 
underground, and large and complicated 
meals will be cooked. Here the ventilation 
will need to be very complete. On the 
other hand a restaurant serving only light 
meals, in which the kitchen has plenty of 
windows and skylights, will need no 
mechanical ventilation. 

Hoods to Ranges, etc. In the larger 
kitchens most difficulty arises from the 
ranges, grilles, and similar fittings. These 
give off a large amount of heat and fumes 
which are best dealt with by hoods or 
canopies. These should be constructed of 
galvanized sheet steel of heavy gauge. 
Occasionally copper, aluminium or glass 



HOTEL : HEATING, HOT WATER, VENTILATION. 
Fig. 6. Hood over kitchen range : about 2 ft. deep, 
having clearance of 6 ft. to 6 ft. 6 in. ; one outlet 
pipe ie provided to each 6 ft. of length ; hood overlaps 
the range by at least 6 in. all round. 

is used, although their only, advantage 
is appearance and they are considerably 
more costly. The bottom edge of the 
canopy should be as low as possible, to 
ensure its catching the majority of the 
fumes. As shown in Fig. 6, a height of 
6 ft. to 6 ft. 6 in. will usually provide 
sufficient clearance for the heads of people 
working in the kitchen. The edge of the 
canopy should be wired to prevent any 
possibility of cuts to the staff. The canopy 
should be about 2 ft. deep and overlap 
the range or griller by not less than 6 in. 
in all directions. 

One outlet pipe should be used for can- 
opies up to about b ft. ; two pipes 
for those up to I2 ft. in length, 
and so on — one pipe for each 6 ft. 
of canopy. 

The quantity of air to be taken 
from the hood may be found by 
assuming a face velocity of 50-100 
ft. per minute. Assume, for ex- 
ample, a hood 10 ft. long by 4 ft. 
wide. Its area U 40 sq. ft., and 
with a face velocity of 50 ft.p.m. 


the air to be extracted is 40 X 50=2,000 
cu. ft. per minute. The size of the pipes or 
ducts may be found by taking a velocity 
of about 600-800 ft.p.m. In the example 

Outlet f^pe 

V 

Inner r' - i j 

Outlet Suppais for ^Outlet 

Queninf Inner Hoof Openir^ 

Fig. 7. Double hood for range, to remove larger 
quantity of air than ii possible with tingle hood of 
tame external dimensions (see text). 

above, the hood would need two pipes, as it 
is more than 6 ft. long. The total area 
required, taking a velocity of 700 ft.p.m., 
would be 2,000 700 = 2-86 sq. ft., which 

is equivalent to two pipes each having a 
diameter of 16 in. If the flow through the 
pipes is by natural draught, the velocity 
of flow wiU depend on the height to which 
the outlet is raised above the canopy. 

The face velocities mentioned above are 
none too high, and even so involve large air 
quantities. To overcome this the double 
hood of Fig. 7 is advantageous. This 
consists of one hood inside the other, with 
a gap of I in. to 2 in. at the edges. Through 
this gap an air velocity 400 ft.p.m. to 
500 ft.p.m. is maintained, which is high 
enough to obviate the escape of any fumes 
from under the canopy. Two holes per 
pipe connexion (of tl^p same diameter as 
the pipe in the middle of the inner hood) 
take car*; of fumes rising vertically. 

Veni ating Calculations. The general 
ventilation of kitchens should be based on 
air changes of not less than 30 per hour. 
For the average kitchen, extract ventilar 
tion only is sufficient, with the gratings 
at high level. Fresh air may be allowed to 
find its way in by natural means through 
gratings, windows, etc. 

As an example the kitchen of Fig. 8 
may be taken, its height being assumed as 



Fig. 8. Typical exhaust ventilation for kitchen : canopy and 
gratings designed to provide for 30 air changes per hour. For 
calculations to ascertain sizes of hood and gratings, see t^t. 
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10 ft. The volume is 10,000 cu. ft. At 
30 air changes per hour there will be 
300,000 cu. ft. pM- hour, or 5,000 cu. ft. 
per minute to be extracted. If the canopy 
over the range in the middle is 10 ft. by 
4 ft., not less than 2,000 cu.ft.p.m. (cubic 
feet per minute) must come through the 
canopy. This leaves 3,000 cu.ft.p.m. to be 
taken through the gratings. Three grat- 
ings evenly distributed on either side of the 
canopy, making six in aU, would be satis- 
factory. Each grating would then have to 
handle 500 cu.ft.p.m. The free area of the 
gratings would be about 2 sq. ft., taking a 
velocity of 250 ft.p.m. (The necessary area 
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Pie- 9. Fira damper In main extract duct for ventilation 
of kitchen : heavy plate damper hinged at top and 
held open by chain with fusible link. 

of the ducts may be calculated as explained 
under Duct System). The fan discharge 
needs care, since it consists of air laden 
with fumes. It sliould be in such a 
position as not to give cause for ob- 
jections. For this reason it is usual, 
even if the kitchen is in the basement 
of a high building, to take the dis- 
charge duct from the fan up to the roof. 

Ducts. The ducts themselves require a 
certain amount of attention. They should 
be of somewhat heavier gauge than usual 
and be well supported, since they become 
coated inside with condensed fat from the 
cooking fumes. For this reason also access 
doors must be provided to enable the 
whole of the interior of the ducts to be 
cleaned. This operation is usually carried 
out at regular intervals. Sometimes the 
ducts are. insulated with asbestos. Thfe 
largely prevents the fume condensation, 
and the ducts require cleaning less often. 

It is a wise precaution to fit a fire damper 
,in the main extract duct. One form is 
shown in Fig. 9. It consists of a heavy 
plate damper hmged at the top and held 
op^ by a wire or chain in which is a 
fusible link. This link fuses at a tempera- 
ture of about 150^ F., when the chain 


releases the damper, which falls shut. Air 
flow up the duct is prevented. Any fire 
which may start because of the fat in the 
ducts becoming ignited is not then 
increased by the air draught. 

Mechanical Air Supply. If the 
kitchen is so badly situated that fresh 
air cannot get in by natural means, 
mechanical air supply must be provided. 
The volume blown in should be not more 
than three-quarters of that extracted. 
Two methods may be used : the first is 
to have inlet gratings at low level corre- 
sponding to the extract gratings. Here 
the air velocity through the gratings should 
be about 200 ft.p.m. The second method 
is to have ducts at high level with a number 
of nozzles of 2 in. or 3 in. diameter. The air 
is blown through these at a velocity of about 
1,000 ft.p.m., and directed to the working 
plane. Whichever method is adopted, the 
air should be efficiently filtered. 

The average small kitchen can be quite 
adequately dealt with by a propellor fan 
fixed at high level on an outside wall. An 
air change of 30 times per hour should be 
used and care should be taken that the 
fan discharge is not in a direction likely 
to cause annoyance from smells. 

The ventilation of restaurants, dining- 
rooms, etc., is exactly similar to that of 
other public rooms. The general article 
dealing with the subject should therefore 
be consulte*d. 

HOT WATER. Water expands when 
heated, and its density decreases. At 
40® F. I cu. ft. weighs 62-425 lb. ; at 
70® F., 62-313 lb. ; at 200® F., 60 081 lb. 
[Note. These values are taken from 
Table I, Heating Chart f.p. 505, which 
gives the working basis for calculations in 
this Encyclopedia. For further informa- 
tion see under Density ; refer cdso to Water 
& Water Supply: (i)]. As a result of 
this difference in density, warm water 
rises, and in any closed and connected 
system when heat is applied at the lowest 
point a circulation is set up. In such a 
system a definite pressure is produced, the 
pressure being stated in inches of water. 
This pressure is the motive force in the 
i gravity flow hot water supply system. 

Gravity flow is produced by the differ- 
ence in weight of the colunm of hot water 
in the supply risers and the column of cooler 
water in the return risers. The motive force 
is small and is influenced directly by the 
temperature diff^ence of the water in the 
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two columns and the height of the columns. 
Examples are given in Table I. For 
practical calculations see under Heating ; 

(I) & (2). 


TABLE I. Circulating Pressure In Hot Water 
Supply System. 



Circulating head in inches of 
water per foot head 

Return 
temp. ®F. 

Flow temperature in *F. 

200 

180 

160 

140 

120 

200 

180 

160 

140 

120 

100 

0*096 

0*181 

0*258 

0*324 

©•383 

0*086 

0*163 

0*230 

0*288 

0*077 

0*145 

0*201 

0*068 

0*125 

0*057 


Note. An extended table of circulating pres- 
sure calculated on a different basis appears on 
the Heating Chart facing page 505. 


With a return temperature of 120° F. 
and a flow of 200® F. and a head of 30 ft., 
the circulating head is 30 x 0*324 = 9.72 
in. of water, which is very small and only 
sufficient for domestic supply purposes* 
Forced circulation is obtained by means 
of a circulatory pump placed in the return 
main close to the heater. (See Accelerator.) 

Expansion. Since water diminishes 
in density (and increases in volume) 
upon being heated, provision has to be 
made in certain heating and hot water 
apparatus for this expansion.* In open 
type hot water installations an expansion 
pipe is fitted for the purpose, often 
serving also as the cold feed pipe. Water 
can make its way up this pipe from the 
system. The cold feed tank thus functions 
as a^ expansion tank. In hot water 
heating systems the expansion tank is 
arranged differently (see Heating). No 
water is drawn from the system, and so 
there is merely the “ make-up " for 
evaporation to be provided. It will be 
seen that only enough water to float the 
bail of valve is allowed normally to 
enter, and there is ample capacity for 
water expansion between this water level 
and the overflow level. Usually one-twen- 
tieth of the water content of the sys. n 
is taken as the amount to be provided in 
this way for expansion. (See Cold Water 
Supplies ; Expansion Pipe.) 

Pressure and Temperature. The 
boiling point pf water at standard air 
pressure (i atmosphere) is 212® F. or 
100® C. Increase of pressure raises, and 
decreaseof pressure lowers, the temperature 


of the boiling point. (See Table II.) 
In all hot water systems the water in the 
boiler is under a pressure greater than 
atmospheric. In closed systems the pres- 
sure may be very considerable. There is 
a great static pressure in high buildings. 


TABLE II. Relation of Temperature of Water 
to the Boiling Point. 


Pressure 

Boiling 

; Point 

Atmo- 

spheres 

lb. per 
sq. in. 

Degrees 

C. 

Degrees ^ 

0*125 

0*25 

0*5 

1*0 

2*0 

3*0 

4*0 

5*0 

10*0 

20*0 

1*8 
. 3*7 

7*4 

14*7 

29*4 

44*1 

58*8 

73*5 

147*0 

294*0 

50*5 

66*0 

82*0 

100*0 

121*0 

135*0 

145*0 

152*2 

180*0 

213*0 

122*9 

150*8 

179*6 

212*0 

249*8 

275*0 

293*0 

306*0 

356*5 

415*4 


With a head of water in the supply tank 
of 34 ft. (i atmosphere), the pressure on 
the water in the boiler is 2 atmospheres 
and the boiling point approximately 
250° F. This means that it is possible to 
have the water in the boiler and at a tap 
at a temperature higher than 212® F., and 
the water cannot change to steam because 
of the pressure on it. When the tap is 
turned on the pressure is suddenly re- 
leased and the water boils instantaneously. 

The bursting of a boiler in such circum- 
stances may have serious effects, and 
safety valves are fitt^jd- The expansion 
pipes of domestic hot water supply sys- 
tems sb‘»uld be protected against frost to 
prevent em becoming sealed. The effect 
of additional head of water is shown below. 


Heac’ of water Boilingpoint 

in feet. 


0 


212 

10 


218 

20 


236*2 

30 


246 

40 


*545 

50 


261*5 

60 


268*5 

Boiler 


Water under pressure at a temperature 
of, say, 293® F. (pressure 4 atmospheres) 
contains a modi greater quantity of heat 
than the same wdght of water at 212“ F., 
an increase of about 40 per cent. This 
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increased “ heat storage *' capacity is 
made use of in heating systems. High 
pressure hot water systems are sealed her- 
metically or by a heavily loaded valve. 


iooBmcovmrmay 

be provided 



Connection 
from Mam 
Mxtor$upply\ 


V 


Cold feed pipe to appamtum 


HOT WATER. Fig. t. Details of 
combined feed and expiiMsion tank. 


The water is pumped in under pressure. 
The pipes are of small bore and the heating 
coil is in an enclosed furnace kept at a tem- 
perature of about 300° F. An expansion 
chamber must be fitted and allowance 
made for the dissolved gases in water 
which are driven out during heating. An 
anti-freeze mixture is often used to prevent 
frost damage. 

Water which contains dissolved solids 
boils at a higher temperature than pure 
water. Salt water boils at 219® F. 

Stratification. A well-designed supply 
system should give the hottest water 
available in the least time. The heated 
water from the boiler should be de- 
livered at a point Tfrom which it can be* 
immediately drawn and there should be 
no mixing of the hot water with cold water. 
There should be “ stratification " in the 
storage tank or cylinder : that is, a clear 
line of demarcation between the hot water 
and the cold water. To attain this : 

(i) The cylinder or tank should be as 
near boiler as possible, to give minimum of 
resistance to circulation. (2) The flow 
pipe from boiler should be high up on 
boiler, and the return be taken to 
bottom of cylinder. This avoids mixing 
the hot and cold water and gives as 
quickly as possible a layer of hot watt; at 
top of cylinder available for drawing off 
before the whole cylinder of water is 
heated. (3) The cold supply should be 
'connected either to bottom of cylinder or 
to the return pipe from cylinder to boiler, 
to prevent mixing with the hot water at 
the top of the cylinder. 

Where draw-off pipes to baths, sinks, 
airers, etc., arc long, a ** secondary " 


circulating main (shown dotted in Fig. 2), 
with gravity circulation, should be added 
so as to avoid laY-ge quantities of cold 
water being drawn before hot water is 
obtained. The return main of secondary 
circulation should connect not lower than 
one-third down from the top, so as to 
prevent a flow of cold water being drawn 
into the return pipe when a tap is opened. 
With correct design of size of pipes and 
allowance for frictional resistance, etc., it 
is frequently possible to detect by touch 
when the cylinder is not insulated, the line 
of demarcation between hot and cold water 
at any instant to within about \ in. There 
is no transference of heat from one to the 
other except by con- 
duction, and this is a very 
slow process as water is 
a poor conductor. 


Supp.y 



^ Cyfin^efZ. 




Seconc^ry efrea/at/on, 
/fieturn, 

\Prrmcrry ctrcu/dit/on. 


Fig. 2. Hot water supply system with primary circula- 
tion to cylinder and secondary circulation to taps, to 
avoid the necessity of drawing off cold water from 
long lengths of "dead” pipe before hot water will 
flow. 


The primary circulation from boiler to 
cylinder admits cold water through boiler 
and forces hot water into top of cylinder. 
The dividing line between hot water and 
cold water is gradually lowered. When 
hot water is drawn off from the upper 
portion, cold water enters at the bo^;tom 
of cylinder and pushes hot water upwards, 
thus raising the line of demarcation. — 
Norman Howdill, B.Sc,, AJStruct.E, 
HOT WATER FITTER. A central 
hot water-supply system may be a part of 
a central heating system or may be a 
separate installation. If combined with 
heating, specification clauses will be 
included under that heading, but if 
separate, is dealt with in a special section, 
as indicated by the sample below. 

General, The contractor is required to 
'make the installation according to in- 
structions and plans, to test it, leave it in 
working order, and be responsible for 
repairs of faults arising within six months. 

Heating Device, The source of heat 
may be a range, an open fire, a coal, coke, 
anthracite, or oil-burning boiler, electric 
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or gas apparatus. If a fire, the construc- 
tion of the fireplace must be described, 
but the brickwork will be carried out by 
the bricklayer. The boiler, gas or electric 
apparatus is specified by make, capacity, 
and any special fittings. 

Cylinder. The t5^e, capacity, strength 
and fittings are described ; the position, 
fixing and connexions detailed. 

Piping. The sizes, lengths, and materials 
and finishes of all pipes and fittings, and 


any insulation are given. Spedal mention 
is made of piping for towel airers and 
linen cupboard coils. The system is 
specified in detail. The hot water fitter is 
required to provide stop-cocks and unions 
for plumber's final connexions within 
2 ft. of every tap. 

Hard Water Cylinder. Where required, 
type, capacity and fixing are specified. 

Testing. To be done to the satisfaction 
of the architect, engineer or builder. , 


HOT WATER SUPPLY: (1) PRINCIPLES OF DESIGN 

By W. E. Fretwell. M.I.Mech.E., P.P.I.H.V.E., F.I.S.E. 

In the first article of the Group, an authority of the highest rank explains the 
principles of design for Hot Water Supply, including a section on Rating of Dual- 
Purpose H.W. Boilers. Valuable original data and formulae are given, with 
worked-out examples. For cold water supplies to H.W. systems see Cold Water 
Supplies. See also Hot Water. The arrangement of the rest of the series is as 

follows : 

HOT WATER SUPPLY : (2) LAYOUT AND INSTALLATION 
By L. C. C. Rayner, A.I.E.C. 

HOT WATER SUPPLY : (3) BY GAS-FIRED BOILERS AND CIRCULATORS 
By J. Murray Grammar. A.M.Inst.Gas E.. A.M.I.H.V.E. 

HOT WATER SUPPLY : (4) INSTANTANEOUS GAS WATER HEATERS 
By J. Murray Grammar, A.M.Inst.Gas E., A.M.I.H.V.E. 

HOT WATER SUPPLY: (5) BY ELECTRICALLY HEATED APPLIANCES 
(A reference note) 

HOT WATER SUPPLY : (6) PROBLEMS AND DIFFICULTIES 
By Frank Herod, M.R.San.l.. R.P. 


The fundamental object of every 
domestic hot water installjition is to 
provide an adequate supply and outflow 
of hot water at all hot water taps likely to 
be open simultaneously. 

Domestic hot water systems mav be 
classified as (i) instantaneous systems and 
(2) storage systems. 

An instantaneous hot water system is 
one in which water is heated as it flows 
through the heater on its way to an open 
tap or taps. The water heating medium 
may be electricity, gas or steam. The 
thermal capacity of an instantaneous 
water heater should be sufficient to raise 
to the desired ten^perature the quantity 
of water required during the hot water 
peak demand period. The external surface 
of an instantaneous hot water system is 
smaller, the resultant lieat losses less, u.nd 
the quantity of heat energy used lower 
than for any other hot water supply 
system. 

When installing an instantaneous hot 
vater system, care should be taken to 
comply with the appropriate water 
authority's regulations. Many water 


supply authorities' regulations have been 
since 15th June, 1950, extended or modi- 
fied to conform to M.O.II. Model By-Laws 
Series XXI covering "prevention of waste, 
undue consumption, misuse or contamina- 
tion rf '.1 ater." Stationery Office, (3d.). 

A he water storage system is one in 
which pre-heated water is stored in one 
or more vessels for subsequent use. The 
combined heating power of the “ boiler ” 
and hot water storage capacity should be 
capable of providing an adequate quantity 
of warmed water for use during the peak 
demand period. 

Terms and Definitions. Reference 
may here be made to certain accepted 
data and other practical terms affecting 
the design of hot water supply installa- 
tions, tognher with some simplified 
formulae. 

Temperature. In accordance with 
English engineering practice, temperature 
is expressed herein in degrees Fahrenheit. 

Water Heater. This includes boilers, 
calorifiers and allfOther types of heaters 
installed to warm water and employing 
electricity, gas, oil or solid fuel. 
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Cold Water Temperature. When ap- 
plied to domestic hot water installations 
the term means the temperature of un- 
heated “ feed water.*' In Britain the tem- 
perature of water supplied by public 
water supply authorities varies from 
about 42® in winter to 65® during 
summer. Water drawn from privately 
owned wells varies in temperature from 
about 40® to 50®. The actual tempera- 
ture of water in a cold water storage 
cistern will depend upon whether or not it 
absorbs or gives up heat during storage. 
For hot water supply calculations it is 
customary to assume a cold water tem- 
perature of 50®. 

Cold Water Feed Cisterns. In Britain 
most water supply authorities by their 
regulations insist upon the provision 
of cold water cisterns for storing water 
for hot water installations and sanitary 
fitments. The only general exception to 
this regulation is in respect to drinking 
water taps, fire hydrants, car washing and 
garden hydrants. The capacity of a cold 
water storage cistern or cisterns should be 
sufficient to ensure an undiminished out- 
flow of water to all fitments open at the 
same time. The required capacity of the 
cold water cistern will also depend to a 
large extent upon the rate at which water 
enters it ; this in turn depends upon the 
water pressure available, the diameter of 
supply service and size and type of ball 
valve. ^ 

All ball valves offer considerable re- 
sistance to flow of water through them, 
and a much larger inflow is obtainable by 
providing two ball valves. Many water 
supply authorities insist that where an 
outlet on a cold water storage cistern is 
common to both hot and cold water out- 
flow services, the cold water shall be at a 
prescribed height above that supplying 
the hot water system, the reason being to 
ensure, so far as possible, undiminished 
supply of water to the hot water system. 

Hot Water. The term “ hot water/’ 
may be applied to water at any tempera- 
ture between, say, 100® and boiling point, 
but for domestic use a temperature of 
about 150® F. is customary. 

Mixed Water Temperature. In 1931 
the present writer in a paper read at a 
meeting of the Institution of Heating and 
Ventilating Engineers gave the following 
simple formulae for calculating the tem- 
perature of hot and cold water mixtures : 


M — C Parts of hot water. 

H — M S3 „ „ cold water. 

Where C =■ Cold water temperature. 

M = Mixed „ 

H = Hot 

Example . — Calculate the quantity of water 
at 45® and 140® F. respectively to produce 
1,000 gal. at 105®. 

105 — 45 ss 60 parts of hot water. 

140 — 105 « ^ „ „ cold water. 

Total 95 parts. 

Hot water required : ^ ^ __ 5^2 approx. 

^-5 gal. 

Cold water required : 1,000 — 632 = 368 gal. 
The resultant temperature after thor- 
oughly mixing two or more quantities of 
water may be calculated by adding 
together the product of the weight in lb. 
and temperature of each and dividing the 
whole by the total weight of water in lb. 

Example. — Calculate the resultant tempera- 
ture of mixing the following quantities of water : 
500 lb. at 100®, 100 lb. at 120® and 200 lb. at 

50“. 

Product of weight and temperatures : 

500 X 100 = 50,000 
100 X 120 = 12,000 
200 X 50 = 10,000 
800 72.000 

Final temperature of mixed water : 


Definitions of Fitments. The follow- 
. ing terms are applied to the various 
fitments w^ich require a supply of hot 
water : 

Slipper Bath. In public bath estab- 
lishments the term is employed to describe 
the ordinary taper or parallel bath. These 
baths are of the same shape as those in- 
stalled in private houses and the like, and 
the term ** slipper bath ” is employed 
hereafter to differentiate them from other 
types. 

Plunge Baths. These usually form part of 
Turkish bath and Russian or vapour bath 
equipment and are widely used for ablu- 
tionary purposes in sports pavilions. They 
are generally sunk in the floor to a depth 
of three or four feet, the surfaces being 
tiled or rendered smooth, and are usually 
large enough to accommodate some 5 to 
20 persons. 

Shower Baths. Shower baths usually 
take the form of a spray or rose fixed over 
a slipper bath, foot bath or suitable floor 
draining device. The temperature of the 
water from the rose is controlled by a 
mixing valve to which both hot and cold 
services are connected. 
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Lavatory Basins, These refer to the 
ordinary basin as fixed in bathrooms, 
dressing rooms, bedrooms, etc. 

Sinks. These refer to the ordinary 
household sink. There are, of course, 
many types of special sinks for washing- 
up purposes, etc. 

Other Fitments. Bidets and other special 
fitments are frequently installed, and 
the hot water engineer should himself 
ascertain the probable temperature and 
quantity of water to be provided for these. 


Hot Water Requirements of Various Fitments 


Fitment. 

Tempera- 

ture 

Fahren- 

heit. 

Quantity mixed 
water per 
average user. 
Gal. 

Slipper bath . . 

ioo“-iio® 

30 

Plunge bath 

lOO^-IIO® 

According to 
size of bath 

Showers . . 

98 "-io 5 ‘> 

10 

Lavatory basins 
Ordinary scul- 

ioo°-iio° 

3 

lery sinks . . 
Sinks for greasy 

I10®-120° 

5 

articioc . . 

1 20®-! 40° 

5 


A. SIZE OF APPARATUS AND QUANTITY OF 
HOT WATER TO BE PROVIDED 

The thermal capacity of the water 
heater and the amount of hot water 
storage, if any, constitute what may be 
termed the “ size of the apparatus. The 
quantity of hot water required during 
the busiest period of the busiest day 
constitutes the hot water peak demand 
factor. This factor depends to a great 
extent upon the number, size and type 
of bath and other hot water fitments 
instgilled, the class of premises in which 
they are fitted, and the number and 
ablutionary habits of its occupants. The 
higher the class of house, flat, boarding 
house and hotel, the greater the number of 
baths, basins and other like fitments in- 
stalled. It should be borne in mind that 
the larger the number of ablutionary fit- 
ments installed in relation to occupants, 
the greater is the inducement to use them ; 
and although the average quantity of 
water used per fitment may be lest the 
quantity per person is larger. 

In practice, the actual size of hot water 
apparatus to be provided should be based 
on the following factors : 

1. The mimber and vocation of the occu- 
pants of the promises. 

2. The ratio of th* number of baths and other 
fitments to occupants. 

3. The probable number of pre-breakfast 
baths to be provided. 


4. The duration of the active pre-heating and 
peak demand period and the hour at which it 
commences. 

The incidence of these factors upon the 
" size " of apparatus will now be examined. 

The vocation of occupants affects 
the hot water peak demand period. For 
example, a large number of professional 
and business people having offices in 
town reside at the coast and other places 
distant. The time taken up by ablutions, 
breakfasting and travelling necessitates 
their rising at a relatively early hour and 
the hot water peak demand period is, in 
consequence, both short and heavy. Where 
the ratio of the number of baths to 
occupants is small, the tendency is for 
pre-breakfast bathers to hurry and so 
enable as many as possible to partake of a 
bath before setting out for the day. The 
general custom in calculating the size of 
apparatus to be installed is to ignore the 
number of occupants and to base the 
“ size of apparatus on the number and 
type of installed hot water fitments. This 
practice may lead to serious complaints. 

Imagine a hotel or boarding house 
where the adult occupants number one 
hundred, the number of installed baths 
being, say, ten. Suppose the pre-breakfast 
demand period to be 40 minutes. Because 
of the paucity of installed baths the 
bathers would probably occupy a bath- 
room not more than, gay, 20 minutes. On 
this assumption and starting from zero, a 
secon'^ bath would follow in 20 min., a 
third : 40 min., and so on at 20-min. 

interval... For ten bathrooms the number 
of those able to take a bath during 40 min. 
would be thirty. Based on a commonly 
used hot water storage factor of 20 gals, 
per bath, the hot water required for 10 
installed baths would be 200 gal., whereas 
the hot water demand for baths alone 
would probably approximate to 15 gal., at 
150° or higher per bather, making a total 
for baths alone of 450 gal. of hot water 
during 40 min. In addition to hot water 
for baths, *11 non-bathers would almost 
certainly use a lavatory basin during the 
pre-breakfast hour or thereabouts ; men 
bathers would also use a lavatory basin 
when shaving. 

Calculating the Hot Water Demand. 

Although it is impossible to predetermine 
the quantity of hot water used during a 
peak demand period, the size of apparatus 
should be based on the number and type 
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of hot water fitments installed and the 
potential users thereof. No hard and fast 
rule will meet aU cases, and the hot water 
engineer must employ his common sense 
and install a plant of sufficient size to 
meet all probable requirements. The 
following examples arc intended to assist 
in this direction. 

Example /. Smalt private house. Consider a 
small private house in which there is installed 
one bath, two basins and one sink. Assume the 
cold water temperature to be 50°, the peak 
demand period 30 minutes and the active pre- 
heating period hours. 

Balh. Assuming two baths to be required 
during the peak demand period and that each 
uses 30 gal. of warmed water at 105®, the 
amount of heat withdrawn with the warmed 
bath water would be 60 gal. = (.^'o lb. x 
(105 — 50) = 33,000 B.Th.U. 

Basins. Each user of a basin ma}’ be pre- 
sumed to use 3 gal. of water at, say, 105®. 
Allowing that four persons use basins during 
the peak demand period, the amount of heat 
withdrawn with the warmed water is 12 gal. = 
120 lb. X (105 — 50) = 6,600 B.Th.U. 

Sink. Allowing that, say, 4 gal. of water at 
120® are withdrawn at the sink during the pre- 
heating period and none during the peak 
demand period, the amount of heat withdrawn 
with the warmed water is 4 gal. = 40 lb. X 
(120 — 50) « 2,800 B.Th.U. 

Haaf Losses. Assume that from the beginning 
of the active pre-heating period to the end of 
the peak demand period, heat losses from the 
exposed surfaces of the installation amount to 
3,300 B.Th.tJ. per hour, making a total for 
two hours of 6,600 B.Th.U. 

Size of Water Heater. The 

theoretical therma^ capacity of this 
should be based on the number of heat ' 
units — in the form of warmed water — 
withdrawn from the installation from the 
beginning of the active pre-heating period 
to the end of the peak-demand period 
(plus the amount of heat given off from 
the exposed surfaces of the installation). 

The required “ size " of heater for 
Example No. i is calculated as follows : 

Baths, 60 gal. = 600 lb. 

Basins, I2gal.= ]^lb. B.Th.U. 

= 720 X (105 — 50) = 39,600 

Sink, 4 gal. = 40 lb. x (120 — 50) = 2,800 
Heat losses, 2 hours at 3,300 «=* 6^(^o 

Total 49,000 

For a combined pre-heating and peak 
demand period of 2 hours the heater must 
produce an average of 49,000 -5- 2 = 
24,500 B.Th.U. per hour. 

As it is impossible to withdraw, at a 
useful water temperature, the whole of the 
heat absorbed by the water, it is desirable 
to increase the ‘‘ size " of heater by, say, 
30 per cent. ; therefore the minimum size 


of heater should be 24,500 X i ‘3 » 
31,850 B.Th.U. per hour. 

Note. In this calculation the quantity 
of heat absorbed by the installation 
material is ignored. 

Amount of Heat Storage to be Provided. 
The quantity of heat to be stored 
is that which is unused during the 
pre-heating period. For Example No. i, 
the difference between the heat input 
and that withdrawn and lost during the 
pre-heating period is : 

B.Th.U. 

Heat input, x 24,500 =* 36,750 

Heat withdrawn, 4 gal. =40 lb 

X (120 — 50) = 2,800 

Heat losses, i J hrs. X 3,300 = 4,950 

7.750 

Difference . . 29,000 

Storage must be provided for 29,000 B.Th.U. 

Assuming a mean hot water storage 
vessel content temperature of 150° with 
cold feed water at 50® the equivalent 
capacity of storage is 29,000 -f- (150 — 50) = 
290 lb. or 29 gal. As it is impossible to 
\?ithdraw, at a useful water temperature, 
the whole added heat content of a hot 
water storage vessel, it is desirable to add, 
say, 50 percent, to its required theoretical 
capacity. For Example No. i, the storage 
vessel should hold 29 X 1*5 = 43*5 gal. 

These calculations presuppose an initial 
water content temperature of 50®. Where 
the boiler fife is burning continuously the 
initial temperature of the installation 
preceding the active pre-heating period 
would exceed 50®. 

Whether in “ sizing the heater " it is 
desirable to take advantage of a higher 
initial water temperature is for ^ the 
heating engineer to decide. 

Example 2 . Calculate the size of heater and 
hot water storage vessel to be provided where, 
for certain given conditions, the quantities of 
hot water to be provided are as follows : 

Cold water temperature, 50® F. 

Pre-heating period, ij hours. 

Peak demand period, 1 hour. 

150 baths at 30 gal. each at 105®. 

500 basins at 3 gal. each at 103®. 

Sinks: Pre-heating period, 100 gal. at 120®. 

Peak demand period, 100 gal. at 120®. 

Heat losses froiti installation, 10,000 
B.Th.U./hour. 

'Quantity of heat required : B.Th.U./hr. 


Baths : 

150 X 30 = 

4,500 gal. 

or 


45,000 lb. X (105 

- 50) 


2,475,000 

Basins 

: 500 X 3 

1*500 gal. 

or 


15,000 lb. X (105 - 

- 50) 

■B 

825,000 

Sinks: 

200 gal. or 2 

,000 lb. X 



(120 

-50) 


■B 

140,000 

Heat losses « 2} x : 

[0,000 


25,000 





3,465,000 
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For a combined pre-heating and peak 
demand period of 2^ hours, the heater must 
produce an average of 3,465,000 2^ = 

1,386,000 B.Th.U. per hour. Adding 30 
per cent, to this gives 1,801,800 B.Th.U., 
which then represents the “ size " of heater 
to be installed. 

Amount of heat storage to be provided : 

B.Th.U. 

Heat input, ij X 1,386,000 = 2,079.000 

„ output, 100 gal. = 1,000 lb. 

X (120 — 50) = 70,000 

Heat losses, X 10,000 15,000 

■ 8^000 

Difference i , 994,000 

Assuming a mean hot water storage 
content temperature of 150®, cold water 
50®, the equivalent capacity of storage is 
^»994 gal- Adding 50 per cent, gives 
2.991 or, say, 3,000 gal. and then repre- 
sents the hot water storage to be provided. 

fi. HOT WATER STORAGE SYSTEM 

The simple system shown on the right, 
will serve to explain the principles ^d 
functions of various parts, most of which 
are common to all hot water storage 
installations. 

Water Heater and Storage Vessel. 

The size of the water heater and the 
capacity of the storage vessel should 
be computed in accordance with the 
examples just given. , 

The storage vessel may be of any shape, 
provided it will safely withstand the 
internal water pressure and stresses to 
which it may be subjected. Rectannjular 
tanks will not withstand a very high 
internal water pressure without distortion, 
and for this reason they should seldom be 
used where the head of water above them 
exceeds about 10 ft. Cylindrical tanks, or 
cylinders as they are then termed, having 
domed or dished ends are fundamentally 
stronger and are able to withstand much 
higher internal pressures. Where practic- 
able, it is better to provide what is termed 
a vertical hot water cylinder {i,e. one where 
the height exceeds its diameter) . With such 
a cylinder the area of contact betw «n the 
inflowing cold water and the stored hot 
water is less and its hot water content 
can be withdrawn with less “ mixing." 

Cold Water Feed Cistern. Wher- 
ever practicable, this should be placed 
well above the highest hot water branch 
connexion serving draw-off points, the 
advantage being that the greater water 
pressure thus obtained facilitates the 


outflow of water and assists in reducing 
the diameter of all pipework other than 
the primary flow and return and vent 
pipes. The capacity of the cistern should 
ensure that it will accommodate the 
expanded hot water representing about 
i/20th of the content of the hot water 
system, and that it is not depleted during 
the heaviest withdrawal of water. A 
larger cistern is required where it has, in 
addition, to serve other fitments. 

The Metropolitan Water Board require 
that every storage cistern shall have a 
capacity of not less than 50 gallons and, 
if intended to be used as a feed cistern as 
well as a storage cistern for other purposes, 
shall be of a capacity of not less than 
80 gallons. It should be fitted with a 
close fitting cover to exclude dirt and 
be insulated against damage from frost. 
The supply pipe should be of adequate 
diameter. All ball valves offer consider- 
able resistance to flow of water ; in some 
cases it is desirable to provide more than 
one ball valve. An overflow of adequate 
diameter should be provided. 

Cold Water Feed Pipe. The 
diameter of this controls the rate of 
outflow from the apparatus. It should 
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ensure that during the heaviest outflow 
the level of water in the apparatus is 
always higher than the uppermost hot 
water service junction. It should be 
fitted with a full-way stopcock and be 
connected to hot water storage vessel as 
close to bottom as possible, preferably at 
the side (as in diag. above), so as to delivei 
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water horizontally ; this avoids the risk 
of entering water boring its way into and 
cooling the hotter water. Where, as in the 
case of horizontal cylinders, it is often 
necessary to join the bottom, the end 
diould be fitted with a tee piece placed 
lengthwise down the vessel, which then 
avoids the risk of inflowing water swirling 
up the sides and mixing with hotter water. 
A " dip " (f an inverted siphon) is some- 
times provided at the point where it 
joins the apparatus and is of no practical 
use ; it provides a pocket for accumulating 
debris and then retards the flow of water. 
It will not, as often claimed, prevent 
warm water from backing up into the cold 
water cistern. 

The feed pipe should serve the hot water 
apparatus only, and not more than one 
such pipe should deliver water into the 
system. 

Primary Flow and Return. These 
members constitute the primary circuit. 
The diameter of the pipes should be large 
enough to ensure free circulation of water. 
An advantage of installing large-diameter 
pipes is that the effect of stoppage by 
furring " or incrustation, if any, is 
longer delayed. The disadvantage of 
excessively large piping is that the water 
content of the apparatus may pass through 
the boiler so fast as to necessitate repeated 
re-circulation before any water reaches a 
useful temperature. <rhe outflow end of 
the primary flow should join the storage 
vessel as close to the top as possible, so as 
to deliver hot water where it is most 
wanted. 

The return should join the vessel as close 
to the bottom as possible so as to ensure 
the whole content being in circulation. 

Stopcocks. Where two or more 
boilers are installed, stopcocks are some- 
times fitted to the interconnecting pipe- 
work, the object being to avoid emptying 
the apparatus or stopping its working 
if it should be necessary to clean out or 
effect repairs to one or other of them. 

Such valves are a potential source oj 
danger and are best avoided wherever 
* practicable. They should never be closed 
even while there are dying embers on the 
firegrate, and should be padlocked. 

In addition to a safety valve, each such 
boiler should be fitted with an open-vent 
pipe. Means should be provided to take 


apart the pipework ; the most satisfactory 
method for this purpose is to install 
bolted flanged connexions. 

Open Vent Pipe. The function of 
this is to prevent hermetic sealing of the 
apparatus and to permit the automatic 
escape of air and easy filling. An open 
vent pipe is more sensitive to, and will 
better relieve pressure than, any safety 
valve, although the latter should be 
provided in addition. 

Every vented hot water apparatus is 
in effect a U-tube in which the cold water 
column forms one leg and the hot water 
vessel and vent pipe the other. The 
pressure of these connecting columns will 
exactly balance. 

Owing to the difference in density, 
the water in the hotter column will stand 
slightly above the water level in the 
supply cistern : the actual difference 
may amount to about half-inch for each 
vertical foot of column between the 
water level in the supply cistern and the 
point where the cold feed joins the 
apparatus. The vent pipe should be 
carried up high enough to prevent water 
outflowing. An allowance of, say, i in. 
per ft. of column above the top of the 
supply cistern is usually sufficient. Wliere 
the water content of the apparatus is 
permitted to i)oil. there is always a risk 
of water being ejected from the vent 
•pipe. The water in a domestic hot water 
supply apparatus should not be allowed 
to boU. 

The vent pipe on a hot water supply 
system is often wrongly described as fXi 
expansion pipe. {See Expansion Pipe.) 
Expanded water enters the cold water 
supply cistern through the cold feed pipe, 
the latter serving a dual purpose. 

The vent pipe should preferably termi- 
nate over the cold water supply cistern. 
Where it is necessary to carry it outside, 
care should be taken to protect it against 
frost, and the open end should be arranged 
so that any discharge will not cause 
injury to persons or projperty. The 
diameter of the vent pipe should not 
less than three-quarters of an inch. 

Secondary Circuits. The purpose of 
secondary circuits is to avoid having to 
withdraw more than a negligible amount 
of cold wat|^ before hot outflows, and 
also to comply with the regulations of 
the Metropolitan Water Board or 
other supply companies. When a tap 
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on a secondary circuit is opened, water 
will flow towards it from both ends, and 
they should, therefore, join the storage 
vessels where the water is hottest — i.e, at 
or near the top {see further under Secondary 
Circulation). 

Safety Valves. Every apparatus should 
be provided with a safety valve having 
metal-to-metal contact ; it should pre- 
ferably be placed directly on the boiler, 
and should relieve pressure at. say, lo lb. 
above the nominal head pressure. Each 
apparatus should be provided with an 
emptying cock, thermometer and, when 
practicaMe, an automatic damper regu- 
lator. 

The elementary principles of design 
explained here should be incorporated in 
every hot water storage installation. For 
layout, etc., see Hot Water Supply : (2). 

C. RATING OF DUAL-PURPOSE HOT WATER 
BOILERS 

It is common knowledge among plumbers 
and hcciiliig enginerrs that a dual-purpbse 
hot water boiler is given two different 
catalogue ratings, depending upon whether 
it is to be used as a domestic hot water 
boiler or as a central heating boiler ; the 
reason for giving two ratings to the same 
boiler is not, however, generally under- 
stood. 

That no part of a boiler plate approaches 
the temperature of the boiler fire or gas 
flame may be shown by sticking a strip of 
gummed paper on the bottom of a kettle 
from which soot has first been removed. 
If the kettle containing water is placed 
ov6r- a gas ring, it will be found that the 
water may be boiled without charring the 
paper. This experiment indicates the 
presence on the bottom surface of the 
kettle of a thin semi-stagnant film of gas 
through which heat must pass before 
reaching the metal itself. The presence of 
the film of gas accounts for the great 
difference in temperature between that of 
an incandescent fire in the boiler furnace 
and the boiler plate separating it fr* m the 
boiler water. In the case of hot water 
boilers the temperature of the boiler plate 
— ^assuming it to be free of scale, which 
might cause over-heating of the metal — 
is unlikely to exceed that of the boiler 
water by more than 10® F. 

Before procetding with thermal cal- 
culations it is essential to clearly under- 


stand the meaning of certain terms and 
symbols employed therein. 

Thermal Conductivity (symbol k). Thermal 
conductivity of a homogeneous material 
is the* rate of heat flow in B.Th.U. per hour, 
under steady conditions per sq. ft. per inch 
thickness for a difference in temperature 
of one degree F., in a direction perpen- 
dicular to the area. 

The suffix I, 2, 3, 4, when attached to 
k, in the form ki, kg, kg, etc., indicates 
the conductivity of successive layers of 
different materials. 

Thermal Resistivity is the reciprocal of 


thermal conductivity and is p It is the 


resistance to flow of heat through one inch 
thickness of material for the transmission 
of one B.Th.U. per sq. ft. per hour. 

Total Resistance (symbol R). When heat 
flows from one medium to another through 
one or more intermediate resistances, the 
total resistance to heat flow is the sum of 
the individual resistances through which 
the heat flows, in series. 

For heat flow under the conditions of 
the above definition the transmittance is 
the reciprocal of the total resistance, 



Overall Coefficient of Heat Transfer 
(symbol U). When •heat flows from one 
medium to another, through one or more 
intci 1:5 ^diate resistances, the transmittance 
of tlu ystem is equal to the rate of heat 
flow in B.Th.U. per sq. ft. per hour, divided 
by the difference in the temperature of the 
two media. This is commonly called the 
overall coefficient of heat transfer “ U " 
and is the reciprocal of the total resistance. 


viz. hence U=~. 
K K 


Thickness (symbol L). The letter " L is 
used to indicate the thickness in inches of 
the individual material considered. The 
suffix 1, 2, 3. etc., when attached to L in the 
form Lj, Lg* ^3, etc., indicates the thick- 
ness in inches of successive layers of 
materids. 


The expressions — ^ etc., express 

^1, Kg* ^3* 

the thermal resistance of each successive 
layer of material, the s)unbol R being used 
to express the sum of these resistances. 
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Calculation of Heat Transmission Through 
Boiler Plates. The whole of the heat re- 
ceived by the circulating water from the 
boiler furnace must, perforce, be trans- 
mitted through the boiler walls. The boiler- 
wall separating the furnace from the cir- 
culating water is, in effect, a composite 
structure of successive layers of material. 
On the furnace side of the boiler plate 
there will be a layer of soot and a semi- 
stagnant film of gas, the thickness of the 
latter — according to Prof. W. E. Dalby 
(Proc. Inst. Mech. Eng. 1909) — being 
approximately 1/40 in. On the water side 
there will, in all probability, be a layer of 
scale of uncertain thickness and con- 
ductivity and finally a semi-stagn.int film 
of water, the thickness of which is taken 
herein to be i/ioo in. 

These successive layers, including the 
boiler plate, make up the composite boiler 
wall. The rate of heat flow from boiler 
fire to boiler water may be calculated 
from the equation : — 


I 



Where U= overall coefficient of heat transfer. 


L|, Lg' bg, etc.- thickness in inches of 
each successive layer. 

k,. kg, kg, etc. =thermal conductivity of 
each successive layer. 


R=Total thermal resistance, 





Using this equation, the overall co- 
efficient of heat transfer “ U ” for a | in. 
thick cast-iron hot water boiler is as 
follows : — 


Substance 

Thickness 

Thermal 

Conductivity 

(k) 

B.Th.U./sq.ft. 
/deg. F./in./hr. 

Thermal 

Resist- 

ance 

L 

k 

Gas film 

4 * 5 * =^ 0 - 025 * 

ki=oi5 

01667 

Cast iron 

U= r = o- 325 ' 

ka=48o 

o’oooS 

Water film 

U = Tiff=o*oi* 

k,=4*o 

o*oo?5 



R = 

= O' 1 700 


I _ or. say, 6’o B.Th.U. per sq. ft. per 

^ “■ R ""o- 17 ‘ hour per degree difference Fahr. 


♦ This calculation gives the total resist- 
ance to flow of heat as 0*17, of which the 
gas film accounts for 0*1667 or 98 per cent 
of the whole, implying that the rate of 
transfer of heat from boiler fire to boiler 
water is controlled almost entirely by the 


thermal resistance of the semi-stagnant 
gas film. 

Boiler Furnace Temperature. The tem- 
perature of a furnace may be judged 
approximately by the colour of the flame 


as follows : — 

Faint red 960® F. 

Dull red 1,290° F. 

Brilliant red 1 . 47 ^'’ F- 

Cherry red 1,050° F. 

Bright cherry red 1,830° F. 

Orange 2,010° F. 

Bright orange 2,190° F. 

White heat 2,370° F. 

Bright white heat 2,550° F. 

Brilliant white heat 2,750° F. 


" Mechanical World " Year Book 1951. 

For an overall coefficient “ U ” of 
6*0 B.Th.U. per sq. ft. per hr. per degree 
Fahr., the theoretical difference between 
furnace and water temperature required 
to produce the boiler ratings in the first 
column of the following tabulation, may 
be calculated by dividing the rating by the 
above-stated overall coefficient. 

Table 

Boiler rat- Overall Rating Assumed Required 
ing B.Th.U. Coeffi- divided boiler wat(;r Furnace 
/sq. ft./hr. cient “U” by “ U ” Temp. °F Temp. ®F. 

10,000 1,667 100 1,767 

7,000 1,167 100 1,267 

4,400 750 160 910 

Boiler Ratifg and Firing Period. Boiler 
rating is related to the firing period, i.e. 

. the interval between “ refuelling the 
boiler. Ideal domestic hot water boiler 
ratings depend upon the size and type of 
the boiler, the fixing periods for which 
vary between about two and three hours 
as against six to seven hours for central 
heating boilers. It will be readily under- 
stood that the rate of heat transfer is 
related to the weight of fuel consumed 
over a given period. To maintain a furnace 
temperature of around 1,800° F. is im- 
practicable, wasteful of fuel and, with 
coke fuel in particular, pre-disposes to 
formation of clinker. 

It is, however, both practicable and con- 
venient to let the fire in a hot water boiler 
go “ all out *' for short periods to satisfy 
a sudden demand for hot water ; it also, 
avoids the installation of an over-large 
boiler with the consequent risk of over- 
heating the water content of the system. 

In conclusion it should be understood 
that in practice heat produced by com- 
bustion of fuel in the furnace is transmitted 
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to and through the boiler heating surface 
by 

1. Radiation from the fuel bed and flame, 

2. By contact between the boiler surface and 
heated gas in the form of convection, and 

3. By conduction through the various media. 

Transfer of heat by radiation 
which plays so important a part in the 
transfer of heat, is too complex a subject 


for discussion in this brief article. Deduc- 
tions to be drawn from the foregoing cal- 
culations apply only to the type of hot 
water boiler under discussion and the 
firing periods usually employed. 

The only practicable way to increase 
the rating of a hot water boiler to any 
considerable extent is to raise the tem- 
perature of the fire, which, in turn, entails 
more frequent attention to the boiler. 


HOT WATER SUPPLY : (2) LAYOUT AND INSTALLATION 

By L. C C. Rayner, A.I.E.C. 

After dealing with general considerations governing the successful functioning 
of hot water supply, the author gives details of a series of typical installations, 
with explanatory diagrams. Information is aiso given about combined hot water 
and central heating systems, and on the use of alternative systems for summer 
working. Sec Calorifier ; Heating : (6) ; and Hot Water Supply : (I). 

A folding Plate is inserted between pages 560-56 1 : Figs. 4-7 and 10-11 are on the front; 

Figs. 12-15 are on the reverse side. 


The layout and installation of a hot 
water supply apparatus involves several 
important considerations. Each separate 
cons^'tM :it item must be suitable fbr 
its duty and position. The various parts 
must be properly interconnected, and the 
apparatus must be appropriate to the 
building in which it is installed. 

The choice of a suitable boiler and its 
installation is considered under the heading 
Boiler : (2). Detailed inf ormation on boilers 
for combined heating and hot ^ater supply 
systems is given under Heating : (6), a few 
notes on alternative systems being printed 
in the present article. Cylinders and 
tanks are dealt with under their appro- 
priate headings. The general principles of 
hot«water supply are explained under Hot 
Water Supply: (i). 

Storage Cylinder or Tank. Wlien 
a storage cylinder or tank 
is to be fixed on the same 
floor as a boiler, the cylinder 
must be at a higher level 
in order to obtain a gravity 
circulation. This will 
usually necessitate a 
special stand. The type of 
stand will depend oft the 
cylinder — whether it is 
vertical ur horizontal — and 
its position. Where the 
instsdlation is to be made 
in a boiler-house and the 

cylinder is vertical, a brick _ 

or concrete base of suitable hot water supply: layout and installation. Figs. 1 and 2. 

, . 1. >111 u X Tx Pipe supports for cylinders : (left), for vertical and (right), for horizontal 

height will be best, it may be cylinder, such stands can be made up with ordinary tools on the Job. 


either round or square, and should be at least 
6 in. larger in diameter or width than the 
diameter of the cylinder. If the cylinder 
is to be fixed in a kitchen a brick base will 
probably not be allowable. Here a stand 
made from pipe (like Fig. i) will look 
neatest. The horizontal bearers arc shown 
built into the wall ; but if this is of wood, 
the pipe may be screwed into the flanges, 
which in turn are fixed to the wood with 
screws, similarly to the floor flanges. Side 
outlet elbows arc used to enable a front 
cross-piece to be fixe^ to keep the whole 
stand rigid. For cylinders up to 150 
gal. TNoacity, 2-in. steam pipe will be 
strong mugh. A similar stand can be 
made 01 angle iron, but the pipe stand has 
the advantage that it can be made up with 
the ordinary pipe-fitting tools on the job. 

When the cylinder is of the horizontal 
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type, the best type of support will deprad 
on the cylinder capacity and its position. 
If it is to be fixed not more than about 4 ft. 
above the floor, a pipe stand similar to 
Fig, 2 is again very suitable. This is made 
up in the same way as Fig. i, but the 
vertical legs are extended upwards to 
prevent the cylinder rolling when it is dis- 
connected. Here 2-in. steam pipe may be 
used for a 150-gal. cylinder, 2^ in. for a 
250 gal., and 3 in. for a 350 The 
legs of such a stand may be objectionable 
in some cases, or the cylinder may have to 
be supported at a higher level. In such 
cases cantilever brackets are used (illus- 
trated in Fig. 3). These are made of angle 
or tee iron ; or, for very large cylinders, 
channel or H section steel beams are 
better. In the smaller sizes the rod shown 
fastened to the floor above may be 
omitted, but with the larger sizes this is 
essential. In this latter case, too, the 
brackets need not curve. Suitable sections 
for the brackets for varying capacity 
cylinders are as follows : 

Cylinder capacity gal. 100 200 300 500 

Depth to build bracket 
in wall, inches 6 8 8 10 

Channel 'iron section 3 X*i 4x2 5X2J 6x3 

Diameter of rod ill 


560. Each boiler flow and return 
connexion is valved, and all connexions 
to the cylinders are fitted with valves. 
By closing the appropriate valves either 
boiler or cylinder may be completely 
isolated and worked on without inter- 
fering with the remaining part of the 
apparatus. 

Note that each boiler is fitted with an 
open air pH>e, which should be extended 
above the water level. This is of vital 
importance, because if one of the boilers 
were to be fired with its valves closed it 
would burst. 

The valve wheels should also be chained 
and padlocked, preventing unauthorized 
operation. Although separate cold water 
feed pipes to the cylinder are shown, these 
should be joined as near the cylinders as 
possible. If they are taken up the building 
as separate pipes a circulation is quite 
likely to be set up in them. This wastes 
heat, and if they connect to a tank 
siy>plying cold water to other fittings, 
complaints will arise of hot water in cold 
water taps. 

Alternative Summer Systems. Very 
often a gas boiler is used as a heating source 
for hot water supply service in summer, 
with a solid fuel boiler for the winter. In 


The arrangements 

shown in Figs, i, 2 or 3 /y///////// ‘ 

may be used for sup- 

porting tanks. Hdri- '/^////////^^ 

zontal cylinders may '/yy 

also be carried on brick 

or concrete piers not ^ 

less than 9 in. wide and y^ 

preferably shaped to fit / \ 

the cylinder radius. j \ 

Duplicate Boilers I ) ^ 

and Cylinders. On any \ J 

but the smallest instal- y 

lations it is good prac- y/, 

tice to fix boilers and 

cylinders in duplicate, yy 

each boiler and cylinder hot water sup^y: layout 

cuwi wuixct INSTALLATION. Fig. 3. /X 

being one-nall to two- Angie iron or tee Iron cantilever 
thirds of the maximum ^ 

duty required. In net, f. ». sto). . K/ 

igost districts, boilers 

and cylinders must be cleared of incrusta- Fig. 5 shoi 
tion at least once a year. If a single unit is system. Of 
used, complete, disorganization of the hot used with, a ] 
water supply service must occur when it is water suppl] 
being scded. A typical duplicate installa- much the ^ 
tion is ^own in Fig. 4 on Plate /. page boiler cannot 


such cases the flow and 
. return pij^s should be 

'y//^y/^// joined as high as possible, 

as indicated in Fig. 5 {see 
Plate /. page 560). It is 
important that the return 
pipe should never connect 
the boilers horizonl;ally 
(as shown dotted) or 
there will be a heavy 
waste of gas, since a 
circulation will take 
yyyy^ place through the 
solid fuel boiler when 
it is not being used. 

r Y A valve may also be 
/ ' fitted on either flow 
or return, but it is 
‘ better to avoid 
' *" J// valves altogether in 

private houses. 

Fig. 5 shows a direct hot water supply 
s3rstem. Often an indirect cylinder is 
used with , a heating boiler -for winter hot 
water supply when the heating load is 
much the nrger of the two. The heating 
boiler cahnot.be used for direct hot water 
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supply, as there is no means of access to its 
waterways. During the summer when no 
heating is required it would be impossible 
to regulate the boiler to a sufficiently slow 
rate of combustion to deal with the hot 
water supply only. Such cases are best 
met by the arrangement shown in Fig. 6 
(see Plate f.p, 560). 

An indirect cylinder (see Heating : (6) 
has its internal heater connected to the 
heating boiler. The summer boiler (an 
ordinary hot water supply boiler, either 
gas or solid fuel fired) is connected to the 
body of the cylinder. The details of the 
hot water supply part of the apparatus 
are similar to any other installation. The 
flow from the heating boiler to the heater 
in the cylinder is best taken from one of 
the heating mains as shown. This auto- 
matically frees the heater of air. If an 
independent flow pipe from the boiler is 
used, it must have an individual vent. 

Indirect cylinders are those containing a 
heating battery through which hot water 
or steam circulates to heat the water in the 
cylinder. The term calorifier (which see) 
is usually employed instead of indirect 
cylinder when steam is the heating 
medium. 

Isolating the Heating System. In 

a private bouse it is often found that the 
water supply load is not smaller than the 
heating load. In such cases the arrange- 
ment of Fig. 6 may be used without the 
hot water supply boiler. A valve should 
be fitted on the main heating return pipe. 
When heat is not required this valve may 
be closed and will completely stop all 
circulation through the heating system. 

• A INOIRECT CYLINDER SYSTEMS 

When the water supply is very hard, 
a direct hot water supply boiler must be 
cleaned out at frequent intervals. To 
avoid this an indirect cylinder may be 
used. In this case the boiler should be of 
the heating type, since these are usually 
more efficient. It is necessary to use a 
separate expansion tank for the boiler side 
of the system, as shown in Fig. 7 (see 
Plate f,p, 560). On no account mu t the 
normd cold water supply tank be used 
also as the expansion tank, since the 
water supply will then be common to both 
sides of the system. The result would be 
a bumt-out boiler, owing to deposit 
forming in it^ For such an apparatus 
the cylinder may be of galvanized steel. 


Copper Cylinders for Soft Water. 

Very soft waters (some moorland and 
artesian or deep well waters) have corro- 
sive actions on iron and steel. This 
necessitates the whole of the apparatus, 
including the boiler, being in copier. 
Copper boilers are obtainable in varying 
sizes and though it has been stated that 
they are liable to be attacked by sulphur- 
ous deposits of combustion, there is little 
or no evidence for it. A copper indirect 
cylinder with c.i. boiler will avoid corrosive 
action of water or combustion products. 

Heating Surface in Indirect 
Cylinder. The area of heating surface 
necessary in the heating element of an 
indirect cylinder will depend on the rate 
at which the water is to be heated, 
the temperature rise required and the 
temperature of the heating medium. These 
factors may be combined into the formula : 
„ ^ _ 20G - /«) 

” K (/> + /r) 

where G is the quantity of water in gallons to 
be heated per hour, 
is tlie temperature required for the 
hot water, usually 150° F. 

/c is the cold water temperature, usually 
40®-50° F. 

is the boiler flow temperature, usuallv 
F. 

is the boiler return temperature, 
usually 140® F. 

U is the heat emission in B.Th.U, per 
sq. ft. per hour per degree of difference. 

H.S. is the heating surface required in 
sq. ft. K may be taken as 60 for annular 
heaters, 40 for radiators and 70 for pipe 
coils, when hot water is the heating 
mediu’j;, and double these figures when 
steam used. 

As an example, a 100 gal. indirect 
cylinder with radiator heating battery is 
to have its contents heated from 50® to 
150° F. per hour ; hot water having a 
flow temperature of 180° F. and a return 
temperature of 140° F. is flowing through 
the heater. What is the heating surface 
necessary in the heating battery ? 

Substituting figures in the formula, it 
becomes : 


20 X 1^0 (150—50) 
40 ( iSo + 140) 


200,000 

12,800 


I5’6sq. ft. 


The figure thus reached is for clean 
heating surface. In hard water districts 
a certain amount of scale will be deposited 
on the heating element. To allow for this, 
20 per cent, to 25 per cent, should be added 
to the calculated heating surface. If the 
example above were in a hard water 
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Consult B.S. 1565 for galvanized in- 
direct cylinders and B.S. 1566 (both 
1949), annular types (water-to-water). 

B. DIRECT CYLINDERS 
Tappings on Direct Cyiinder, The 

positions of the primary flow and return 
tappings on a direct cylinder should fulfil 
three requirements. They should be such 
that hot water is available soon after the 
lighting of the fire ; the whole of the water 
in cylinder should take part in the circu- 
lation through the boiler ; and they 
should allow the connexions to be made 
without any possibility of air locks. 


at the taps. 


SecondaryFloi^ 


Secondary Return 
withdi^ipe 


Primary ^ 




CcUFtedYdth 

SpreaderTee 

Fig. Ob. Detirable positions for 
zontal cylinder (sea 
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The cold water should 
not enter the cylinder in 
a vertical direction, be- 
cause a stream of it is 
likely to bore its way 
through the hot water to 
the secondary outlets. 

Fig. ga complies with this 
condition, but with the 
connexions of Figs. 96 
and gc a spreader tee 
should be used as shown 
dotted. This tee may be 
fixed inside the cylinder 
by means of a nipple 
screwed into it and then 
one or two threads into 
the socket connexion. 

The joints for this tee 
need only be dry. Al- I 

thmiirh rvlindpr<5 havp ..... * HOT WATER SUPPLY ; LAYOUT AND 

, o 1 X *11 INSTALLATION. Fig. 9c. Avoiding separate primary flow ; combined 

been used to illustrate primary and secondary flow and secondary return join top of cylinder. 

the proper positions for *** 

connexions, the same principles apply When the cylinder is of the indirect type 

when a t'^nk is used as the storage vessek the pipes should be one size larger. 

Limiting the Cylinder Circulation, c. TYPICAL INSTALLATIONS DESCRIBED 
It was mentioned above that the whole of When hot water supply service is to be 

the water m a cylinder should take part installed in a private house, the fuel 

in the circulation Uirough the boiler. Often question must be settled first. Probably the 
when gas is the fuel it is desired for the most convenient and economical installa- 
sake of economy that only part of the ^ small coke-fired boiler for normal 

cylinder contents should be heated when use with an immersion heater for occasions 

water is likely, when the boiler is out of use, as is often 

This may be effect^ by having two re- ^.^5^ during the sivnmer. The boiler 
turn connexions as shown in Fig. lo, See naturally go in the kitchen where a 

Plate /.^. 561. Ihe lower connexion is flue is a^'-ailable. The storage vessel may 
fitted with a valve, and on closing ilus ^ the kitchen, particularly if 

the circulation takes place through the recess or cupboard is available. In this 
upper connexion, with the result that only case a cylinder must be used. Usually, 
the water above this becomes hot. When however, the appearance of the cylinder 
gas IS the fuel, a valve is often fitted to the kitchen will be objectionable, 
the secondary return pipe. This may be Probably the linen cupboard will be on 
shut at night, so preventing any consider- the first floor, not too far from the kitchen, 
able waste of fuel although the boiler be left this case, a 25-gal. tank in the linen 
alight to keep the cylinder full of hot water, cupboard will best suit the installation. 

Pipe Sizing. The accurate calculation assuming that a bath, basin and sink are 
of pipe sizes for hot water supply service to be supplied. The boiler should have a 
is dealt with elsewhere {see Pipe Sizing), capacity of about 20,000 B.Th.U. per 
The primary flow and return connexions hour, equal l.^ raising the temperature of 
between boiler and cylinder are usm .y 20 gal. of water 100° F. The immersion 
so straightforward that calculation is heater should be fixed near the bottom 
unnecessaiy. The following sizes may be of the tank : full details of this will be found 
used where boiler and cylinder are not under the heading Immersion Heater, 
more than about 10 ft. apart, and cylinder Small House. The general arrange- 
is not less than about 3 ft. above boiler : ment of the apparatus is similar to Fig. ii 

Up to Cylinder Up to Cylinder (5^^ Plate). Normally a f-in. pipe will be 

45 ial: : : 1* IS; fai: ; : h IS: sufficient to supply the Attics, although 

65 gal. ..I Jin. 300 gal. ..3 m. I m. Will prevent any ponbiiity si tiic 
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flow from one tap affecting that from 
another. In no case should the cold feed 
pipe be smaller than the secondary flow. 
The tee “ A " should be kept as close as 
possible to the top of the cylinder, and it 
is preferable that the vent pipe be reduced 
in size above the tee. The whole object 
of these precautions is to prevent a 
mixture of air and water being discharged 
at the taps, an event particularly likely 
where the tank is not much above the 
cylinder. 

If a towel rail is required the best 
method of connecting it under normal 
circumstances is to the primary flow and 
return, as shown in Fig. ii ^ ^ee Plate 
/./>. 561). The connexions can be | in. 
diameter. When the rail is fixed on the 
wall it is possible to connect it to the 
secondary flow and take a secondary return 
back to the cylinder. When it is fixed on 
the floor this should not be done, since 
the return will have to join the cylinder 
at low level, and there is a possibility of 
cold water being drawn through it. 

Combined Installations. The plans of 
a larger house are given in Fig. 12 (see 
Plate f.p. 561). It presents features which 
prevent a completely straightforward 
design being adopted, and so is doubly 
valuable as an example of hot water supply 
layout and installation. 

The system is a combined one, the 
same boiler serving for heating and hot 
water supply. It was necdssary to fix the 
storage cylinder in the linen cupboard, 
since the architect thought it would be 
unsightly in the kitchen. A vertical type 
indirect cylinder was adopted, the heater 
in it being connected to the boiler in the 
kitchen. The primary flow and return 
were run under the floor of Bedrooms 4 
and 5. Notice particularly that the pipes 
turn into Bedroom 4 to run towards the 
centre of the house. They then turn into 
Bedroom 5 to reach the linen cupboard. 
This run was adopted so that the pi^s 
run between joists all the way. If they 
had been kept in Bedroom 5 it would have 
meant notching the joists, for two fairly 
large pipes, during the first part of the- 
run. The flow and return rise all the 
way to the cylinder, and a vent pipe 
on the flow keeps them both free of air. 

A towel rail was fixed in the bathroom 
adjoining the linen cupboard. Since this 
was on the same level as the cylinder and 
a ahi?nk valve was fixed in the secondary 


return, the circulation to this towd rail 
would have been very sluggish if it were 
connected to the secondary circulation. 
It was therefore taken off the primary 
flow and return as shown. The supply to 
the taps in this bathroom and the sink 
in the scullery were taken off the top of 
the cylinder and by the shortest possible 
route. No circulation is necessary, 
because of the short run. 

The next item in the layout is the 
supply to the second bathroom, which 
again includes a towel rail. The same 
difficulty arises of cylinder and towel rail 
being on the same level. In this case, 
however, there is a sufficiently long run of 
flow pipe overhead to create a circulation. 
The return must be run back under the 
floor and connected to the bottom of the 
cylinder. To prevent cold water flowing 
back tlirough this pipe to the taps, a 
non-return valve is fitted close to the 
cylinder. This valve must be of the 
special type having a very light clack 
^hich normally hangs parti^y open. An 
ordinary check valve in which the clack 
remains shut until pushed open would 
completely stop the circulation. The 
supply to the taps in the bathroom is 
taken from the flow to the towel rail. 

A small storage tank is connected to 
the flow pipe in the roof. When a long 
secondary now pipe has to be fixed but 
very little below the level of the water in 
the cold supply tank, there is a possibility 
of air being drawn through the vent pipe, 
causing an irregular discharge at the taps. 
This may be prevented by a subsidiary 
storage tank which will always keep the 
main full, as in the present instance. 
Another method is to make the overhead 
pipe at least one size larger than the drop 
pipe to the fittings. In this case the cold 
water feed pipe must be amply large 
enough. 

Two further points in connexion with 
this installation may be noted. The main 
return from the radiators was fitted with 
a valve adjacent to the boiler. This 
enables the heating circulation to be 
stopped during the summer while leaving 
the boiler open to the expansion tank 
through the flow pipe. All pipes in the 
roof space and under floors were wrapped 
mth ^bestos felt insulation. ^his 
insulation adds to the necessity of running 
with the joists so far as possible, since an 
insulated pipe crossing a joist needs a 
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notch of depth equal to the diameter of 
the pipes plus the thickness of the insula- 
tion. Pipes crossing joists should not be 
allowed to rest in the notches, making 
contact with the wood, nor should they 
touch the underside of floorboards. The 
movement which takes placeL^th ex- 
pansion and contraction is likely to 
cause intermittent noises where such 
contacts occur. These noises may be 
difficult to trace. The complete arrange- 
ment of the apparatus is shown in Fig. 13 
(see Plate f.p. 561), which is a pictorial 
view of the piping. 

Layout for a Bungalow. The layout 
of the hot watej: supply installation for 
a bungalow, particularly where hot towel 
rails are required, presents difficulties. 
The cylinder must be fixed above the 
boiler in order to obtain a circulation 
through it. This will usually render 
impossible the fitting of it in a linen 
cupboard, and the only suitable place will 
be in the kitchen. A pipe may be taken 
from ' ■'P of the cylinder and run in 
the roof space to supply the taps. If 
these latter are remote from the cylinder 
a circulation will be needed, in which case 
both flow and return pipes should be run 
in the roof uith drop pipes to the taps 
The circulation should be insulated. 
These pipes should be kept as low as 
possible in the roof, 
and they should be 
fitted with vent pipes. 

When determining 
their diameter re- 
member that the 
headuvailable is only 
that between the 
water level in the 
cold water tank and 
the pipe in the roof. 

It is not that between 
the tap and the tank 
water level. 

The treatment- of 
the towel rail circula- 
tion depends on the 
type of system 
adopted. If a com- 
bined installation is 
used with the same 
boiler for heating 
and hot watef sumly, 
an entirely indivmuaJ 
circulation must run 
to the towel rail from 


and to the boiler. A typical installation of 
this type is given in Fig. 14 (see Plate 
f.p. 561). 

If an immersion heater is installed in 
the cylinder for summer use, the towel rail 
will not be hot when the boiler is out of 
action. If it is essential to have a hot 
towel rail during the summer, the best 
course is to use a special type with an 
enlarged bottom rail fitted with a small 
immersion heater, which should incor-^ 
porate a thermostat. 

When the hot water supply is on the 
direct system the installation may be 
arranged as shown in Fig. 15, in Plate 
f.p. 561. The taps are supplied from the 
flow pipe to the towel rail, the pipe being 
fixed in the roof. 

The return pipe from the towel rail is 
run under the floor and connected inde- 
pendently to the boiler. On no account 
should the towel rail return be connected 
to the primary return. The water tem- 
perature in the latter will vary widely, 
and when it is cool will tend to retard the 
circulation through the rail. A better 
but more expensive method of serving the 
towel rail is to give it an entirely separate 
flow and return direct from the boiler. 
The temperature of the water in the 
cylinder will then be completely without 
effect on the rail circulation. 


Block 


of Flats. When hot water 
su|yly is to be pro- 
vided to a block of 
flats, the most econo- 
mical and serviceable 

(For Fifs \0~\S see Plate 
f.p. 560-561.) 



Linen Cupboard 


4 
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HOT WATER SUPPLY : LAYOUT AND INSTALLATION. Fig. IS. Block of 
flats : pair of flow and return risers taken through linen cupboard in each flat, 
with under-floor branches to serve fittings. 
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piping layout will usually be the two-pipe 
up-feed, assuming the boiler and cylinder 
can be below the lowest floor of fiats. 
When this is not so, the down-feed system 
must be adopted. If each fiat has a linen 
cupboard, a pair of flow and return risers 
may be run through it with under-floor 
branches to serve the fittings, as shown in 
Fig. i6. A pair of valves on the branches 
will enable each fiat to be isolated. This 
arrangement will not be possible with 
solid floors where fiats have more than one 
bathroom and these rooms are widely 
separated. Here it will be necessary to 
fix risers adjacent to each bathroom and, 
if necessary, the kitchen. 

Except in the smallest bloci of flats 
it is best to use duplicate cylinders and 
boilers to ensure continuity of service. 
If this is not possible, on account of cost 
or other reason, then at least duplicate 
cylinders should be provided. When 
comparatively long runs of piping are 
involved, an accelerator will usually make 
the job a better one. These are dealt with 
under their own heading, but a few 
points peculiar to hot water supply service 
may be noted. The impellor and, if 
necessary, the body of the pump must be 
made of some material unaffected by the 
water used. This does not arise with 
heating systems, where the same water 
is used continuously. The pump must 
be connected to the secondary circulation 
and will have no* effect on the primary 
circulation. Boiler and cylinder must be 
so placed, therefore, to allow a gravity 
circulation between them. If the pump 
is intended only to assist the circulation 


a very low head should be used. If it is 
used to assist the outflow from the taps 
also, the head may be as large as desired, 
but the pump must be capable of dealing 
with the maximum flow likely at this head 
when the greatest number of taps are in 
use. In this case the pump must be 
connected to the secondary flow pipe. 

Factory Installation. The hot water 
supply installation for a factory will 
follow the same general lines as any 
other as regards piping, etc. The only 
matter peculiar to such a building is 
that steam is often available. In this 
case it is usually more economical, both 
in first and running costs, to install a 
calorifier {which see), 

A steam heated storage calorifier is 
similar in general principle to an indirect 
cylinder, but usually has the heating 
battery in the form of copper pipe surface, 
as shown in Fig. 17. The steam connexion 
should be fitted with a thermostatic 
control valve to regulate the water 
temperature. It must be remembered 
that since steam is the heating medium 
it is quite possible to heat the water in 
the calorifier to a dangerous temperature 
and even to boil it. The thermostatic 
valve when properly set limits the tempera- 
ture of the water. In addition, a steam 
stop valve should be fitted to the supply 
pipe. « 

The outlet from the battery is fitted with 
a steam trap which should be of the 
bucket type. It should have a capacity 
of not less than five times the normal con- 
densing capacity of the coil. This allows 
for the rush of condense water when §<-eam 

is first turned 


Jhermostahe^ 
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HOT WATER SUPPLY : LAYOUT AND INSTALLATION. Pig. 17. Steam-heat^ 
storage calorifier with heating battery of copper tube. 


on to the cold 
calorifier. The 
body of the 
calorifier should 
be fitted with 
a safety valve, 
thermometer and 
draw-off cock. 
The' calorifier is 
usually carried 
on cast iron or 
steel cradles. 
Sufficient space 
must be left in 
front of it to 
withdraw the 
battery for scale 
removal. 


562 



HOT. WATER SUPPLY: (3) GAS CIRCULATORS 


HOT WATER SUPPLY : (3) BY GAS-FIRED BOILERS 
AND CIRCULATORS 

By J. Murray Grammar, Assoc.M.lnst.Gas E., A.M.I.H.V.E. 

Boilers fired by gas are dealt with In the seventh of the Boiler group of articles, 
where particulars of types for hot water supply will be found. The present 
contribution is concerned with the Installation of such appliances. The Sections 
are : A, Domestic Circulators ; B, Installation ; C, Gas Boiler as an Alternative 
Unit ; D, Running Costs. For gas-fired instantaneous water heaters see the 
following article (No. 4) In the present Group. Thermal Storage Heaters are 
dealt with later In this work under that heading. 


The term boiler used almost uni- 
versally for domestic hot water appliances 
is incorrect : solid fuel appliances certainly 
do boil occasionally, owing to over- 
stoking, lack of control, or partially 
blocked pipes ; but in the case of gas- 
fired water heaters the implication is 
entirely misplaced. Of all the benefits 
claimed for gas-fired water heating appli- 
ances, perhaps the most important is the 
ease with which the maximum tempera- 
ture, fuel consumption and heating power 
can L,. co-ilrolled. Vor a modern gSs 
water-heater to boil would imply a 
serious breakdown in the design or appli- 
cation of the appliance. 

There arc certain gas appliances to 
deliver boiling water or steam, but the^^e 
are limited to the restaurant boiling 
water machines (there arc some domestic 
models), and mild steel or copper pressure 
boilers to supply steam for large catering 
work or process work. (Instantaneous 
heaters are dealt with in the next article 
in the present Group.) 

^ A. DOMESTIC CIRCULATORS 

The domestic boiler or gas circulator 
(this latter expression indicates its method 
of heating) consists of a comparatively 
simple body and waterways. The water- 
ways are not subjected to pressures higher 
than those effected by the cold-feed 
tanks in the houses in which the circula- 
tors are fitted, as in every case the circula- 
tion system is vented to the free air by 
means of an expansion pipe. Thus, ^ "en 
if by a mischance steam were generated, 
there would be no additional internal 
pressure on the circulator. Maximum 
permissible heads on these heaters vary 
from between loo ft. for some of the 
cast-iron circulators to 50 ft. on some of 
the copper and sm.i Uer t3^es. 

The circulator is connected in the piping 
circuit of a hot water installation and 


functions in the same way as a boiler fired 
by solid fuel, warming the water which 
circulates through it, the water being stored 
in a separate tank or cistern. The instan- 
taneous water heater (dealt with in Hot 
Water Supply: (4)) warms water more 
rapidly, and the water is delivered direct 
to the taps, there being no storage vessel. 
Thermal storage heaters combine with the 
heating unit a storage space. 

Trends of Modern Design. Originally 
all circulators were made with cast-iron 
waterways, which provide a general heat 
interchange over a fairly large superficial 
area and give consistently high water 
heating efficiencies (often above 75 per 
cent.). More recently, however, in an 
endeavour to widen the use of gas circu- 
lators some very much cheaper types 
embodying copper waterways have been 
manufactured, and with these almost 
the same efficiencies ^ave been obtained. 

Owing to simplicity in design and the 
very r!:o *t length of waterway, coupled 
with tL fact that nearly all the heat 
transfer lakes place over a small area, 
there is a tendency to quicker scaling up 
at this local point. But investigation and 
experiment are extending the distance 
between the heat transfer limits, and 
indicating types of heat interchanger that 
will avoid overheating. Overheating at 
local points must be avoided with the 
copper types, otherwise the fins may 
become detached. 

That it is v^orth while persevering with 
these chea^-v^r and smaller circulators 
(so easy to install) is evidenced by the 
great numbers of them in use on the 
areas of certain gas undertakings today. 
Even if they may tend to scale up a 
little more quickly (and with careful 
installation and adjustment this can be 
minimized), the case with which they can 
be dismantled and cleaned is a consider- 
able advantage. 
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Gas Rate and Output. A circulator 
operates in connexion with the storj^e 
vessel of a tank or cylinder system — ^with 
gas it should always be a cylinder system — 
and thus the service from a given circu- 
lator depends on the size and shape of the 
storage and the size of the flow and return 
pipes. Unlike an instantaneous water 
heater or a thermal storage heater, full 
performance figures of which could easily 
be quoted, all that can be said of a circula- 
tor is that it has an output of so many 
gallons of water raised 90 ° F. per hour. 

Installation performance figures for a 
complete circulation system can be given 
only when the size of the storarre vessel 
is known, the storage temperature deter- 
mined, and the rate of circulation decided 
which indicates the flow temperature. 
The main value of any circulator — but 
particularly of the gas one, which is so 
easy to set — is that it can be linked up 
with existing storage vessels and systems ; 
or, as we shall see later, it can be installed 
as an alternative to an existing solid fuel 
boiler system. If one knows the storage 
capacity, the daily demand, and the times 
and size of maximum demands, a circula- 
tor of water heating output just necessary 
for the particular job can be chosen. 

Altliough a circulator of any output 
can be manufactured, the domestic 
appliances arc found to give the follow- 
ing range (gas of r 5 oo C.V. is assumed 
throughout) : 

(а) 10 cu. ft. per hour maximum gas rate. 
Output 4-2 gallons of hot water per hour raised 
90® F. 

(б) 30 cu. ft. per hour maximum gas rate. 
Output 12-5 gallons per hour raised 90® F. 

(c) 60 cu. ft. per hour maximum gas rate. 
Output 24 gallons per hour raised 90° F. 

{a) 80 cu. ft. per hour maximum gas rate. 

Output 34 gallons per hour 
raised 90® F. 

In selecting a circula- 
tor for a particular job, 
all that has to be done 
is to see that it is 
powerful enough to heat 
up a given bulk of 
water in a given time, 
and that if the whole 

HOT WATER SUPPLY : 
GAS CIRCULATORS. Fig. 1. 
30 cu. ft. per hour circulator : 
A, return connexion ; B, 
capsule thermostat : C, finned 
water tube ; O, flow con- 
nexion ; E, gas Inlet ; F, 

B u governor ; Q, burner ; 

, annular flue-way ; d, flue 
outlets ; K, outer casing ; 
^MCCirailatim L, lagged inner case. 




of the stored hot bulk 
should be emptied 
down, the circulator is 
powerful enough to 
make up sufficient hot 
water in time for the 
next demand. Methods , 
of estimating the hot ^ jT| 
water demand are 
given in Hot Water 
Supply : (i), and there- A4(j^ 
fore that subject need 
not be dealt with 
here. 

For greatest effici- 
ency, a self-contained 
plant (circulator and 
storage vessel under ?a a?d 

one lagged case, see return connexions ; B, 
Thermal Storage Heat- “.nd"' ci: 

ere) should be used, the SS^nerTS? brtek-iinS 
circulator and storage combustion chamber ; 
vpqqpI flQ QPnarafp P. sas supply pipe. 

vessel as scpa,ra.ie ^fagaiJfotier$Ajtadidtor$,iJd./ 
items being employed 
cTiily where local circumstances justify it. 
These circumstances are, however, very 
common, and a good example is where 
there is .space for a circulator in one room 
and space for the tank elsewhere, but no 
one room available having space for the 
complete plant. 

Control and Adjustment. Gas 

circulators have three points of control 
or adjustment ; 

Gas Rate Control. First, there is the 
gas rate control, which generally consists 
of a throttle or sleeve in the gas way to a 
luminous burner (luminous burners are 
used because of their stability at maxirTium 
and by-pass gas rates). This throttle 
should be adjusted, after fixing or after a 
maintenance call, to show the correct 
working pressure at the pressure-test 
point. The gas rate .should then be 
checked finally by timing a complete 
revolution of the test-dial of the meter. 

Thermostatic Control. The second 
control is the thermostatic one, which is 
generally fitted to the base or return " 
part of the circulator, although it may be 
* embodied in an extended and integral 
return pipe. Since luminous burners are 
used, there is no need for snap-action 
thermostats, as there is no fear of light- 
ing back*' when the burner is turned 
down slowly. 

Most thermostats on circulators are 
adjustable, as the temperatures for storing 
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hot water vary in different parts of the 
country, and higher temperatures are de- 
manded for certain purposes by some 
users. In London me gas companies 
generally consider a return temperature 
of 140® F. as being high enough for 
domestic purposes, and at the same time 
sufficiently low to avoid heavy scale 
formation inside the circulator, with 
its burden of expensive maintenance 
service. 

Nevertheless, in certain jobs where the 
storage vessel is on the small side, or where 
it has become imperative to keep one tap 
— perhaps the kitchen tap— served from 
a connexion to the flow pipe, it is per- 
missible to step-up the temperature to 
increase the heat storage or to overcome 
partially the effect of cold water mixing 
with the hot on its way to the draw-off. 

The smaller circulators are exceptions 
in that their thermostats are generally 
not adjustable. One kind has a bi-metal 
rod type, scaled and non-ad justable ; 
while others have non-ad just able expand- 
ing capsules , in the return connexions. 
Some of the capsules contain wax ; others 
contain volatile liquids. 

Of the larger circulators, one type has 
a vertical bi-metal rod thermostat fitted 
into a vertical return connexion, the gas 
valve with adjustable screw-head being 
at the bottom. Another typo employs an 
expanding bi-metallic strip which can be 
adjusted by a screw at its centre. 

A further type advertised extensively 
as a substitute heater for a coke boiler 
(and this job it will undertake very well) 
employs the adjustable relay type of 
thermostat. In this last case the thermo- 
stat detector head is inserted in an 
alternative return tapping in the sectional 
boiler casting ; the effect of its opening 
or closing at the prescribed temperature 
is communicated to a relay valve on the 
jgas supply to the circulator or boiler by 
means of a small copper weep pipe. This 
method he^^ the advantage of a nearer 
approach to snap action which, al- 
though technically not necessary, ives 
visible evidence of control to the user. 

The practical advantage of this thermo- 
stat is the improvement it facilitates in 
installation. Instead of having a bulky 
control on the exterior of the heater, a. 
small detector can be used, and the bulkier 
gas valve can ^ hidden out of the way 
{see Thermostats). 


Restrictor Control. The third con- 
trol on a circulator is the restrictor 
control. This is very important with all 
circulators but especially so with the 
smaller types. A restrictor fitted on the 
return connexion to a circulator enables 
the rate of flow of water through the 
appliance to be adjusted. Without the 
adjustment of a restrictor, the water flow 
rate, and hence the flow ten^perature, 
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Fig. 3. Section of controls of a 30 cu. ft. per hour 
circulator : A, screw throttle type of water restrictor ; 

B, gas throttle ; C, wax capsule thermostat. 

in a system would depend entirely upon 
the available “ circulating head.** In a 
hot water system this head depends 
mostly on the height bf the storage vessel 
above the boiler which can vary from a 
few ter • in a small hou.se to a considerable 
vertica tlistance in a larger one. (N.B. — 
Flow and return pipes should be kept as 
shor^ as possible when using gas as a 
fuel, since unnecessary heat losses must 
be avoided.) 

According to the available " circulating 
head," therefore, the restrictor has to be 
set to give the required water flow rate 
and hence flow temperature. With a quick- 
heating circulator the flow temperature 
control is not too important (so long as it 
is not too high), as the whole bulk of hot 
water can soon be circulated round and a 
full storage provided ready for use after so 
short a period as an hour. With a small 
circulator, however, a good hot water 
service may depend entirely upon the fact 
that the " stratification effect *’ in a good 
cylinder system is being employed to 
provide small quantities of hot water 
ready for use soon after lighting up. This 
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can be arranged only by so setting the 
restrictor that the flow temperature is 
that at which water is required to be 
used, so that it can be circulated to the 
top of the storage vessel and held there, a 
slowly growing accumulation of hot water 
usable to the limit of its volume, in spite 
of all the cold water beneath it. ‘ 

Restrictors may be of the following 
types : 

(1) An adjustable needle or screw throttle ; this 
type is sometimes troubled by scale formation. 

(2) A restrictor plate in the return con- 
nexion, with removable variable orifices ; 
these latter are sometimes marked (e.g. a 
certain numbered orifice for a certain height 
between the circulator and the storage tank). 

(3) Restrictor tees similar to thosf used in 
balancing sections of central heating circuits. 

(4) Valves that can be locked are sometimes 
inserted on the return pipe, but this seems an 
expensive method. 

(5) Actual reduction in pipe sizes on the flow 
and return connexions — really the best way, and 
following on the lines of pipe sizing for central 
heating installations. 

With combined circulation sets no 
restrictor control is necessary, as the 
circulating head is a constant for all the 
sets of the same design. 

B. INSTALLATION OF CIRCULATORS 

There are many houses provided with 
a solid fuel hot water supply installation 
which is quite adequate but involves a 
lot of personal attention and may be an 
embarrassment in summer. Here should 
be recommended a 60 cu. ft. per hour or a 
80 cu. ft. per hour Circulatoi: ; for smaller 
jobs or more limited requirements (and 
above all where no flue can be fitted), a 
30 cu. ft. per hour or even smaller circu- 
lator may be selected. This, of course, 
is connected in place of or as an alternative 
to the existing boiler. Taking advantage 
of the two-part tariff rates offered by some 
gas companies, an efficient and lagged gas 
installation works out as cheaply as coke 
in the average suburban household. 

The actual fitting of circulators should 
be extremely simple. In an entirely new 
job, so long as there are provided a 
cylinder system with short flow and 
returns, clean connexions to the tank, 
spreader tee or its equivalent on the 
entrance of the cold feed to the tank, and 
adequate lagging, there is no need for 
special precaution. 

Many of the installations, however, are 
under replacement or alternative schemes, 
and care must be taken in these : it is 
often the case that defects overcome by 


forcing a solid fuel boiler become only too 
apparent when the more closely controlled 
gas appliance is fitted to the system. 

Replacement Jobs. A general rule 
in replacement jobs is never to fit a gas 
circulator to a tank system, unless there 
are very exceptional circumstances (such 
as the odd draw-off tap that cannot be 
transferred to the expansion pipe) : if such 
a system is put in, the user should be 
warned of the possible trouble that may be 
experienced. In most cases, although the 
flow and return pipes cannot be shortened 
(in suburban houses these are often of 
necessity the same length for a cylinder 
system as for a tank system), the draw-offs 
can easily be transferred to a draw-off pipe 
coming from the expansion pipe. The tank 
system is considered inferior because of the 
likelihood of drawing hot and cold water 
together when a hot tap is operated. 
This may not be unduly serious if the 
tank is filled with water at, say, 200° F., 
as is possible from solid fuel heating ; 
but with gas heating — which will be 
thermostatically controlled — the resulting 
temperature at the tap will be too low. 

It must not be imagined that in these 
replacement jobs the fitting of a gas 
circulator to a bad solid fuel system will 
make it a good one. 

The following points also should be 
noted as poseible causes of poor results : 

1. Cold Feed Connexion. This is often found 
' connected without means of deflecting the 

flow of the incoming cold water, thus disturbing 
the stratification and chilling the stored hot 
water. To correct this, fit a spreader tee or its 
equivalent. 

2. Flow Pipe Connexion. This is sometijnes 
found to pass into the tank at the bottom 
and thence through the water to the top, which 
will cause an undesirable transference of heat 
from the water in the flow pipe to the cold 
water in the lower part of the tank. To correct 
this the original connexion should be cut out 
and a new one made to the expansion pipe, 
just above the top of the tank or to the top of 
the tank itself. 

3. Capacity of Existing Storage Vessel. Occa- 
sionally the tank or cylinder is too large 
for tlie requirements of the job. (This may not 
have mattered much with cheap solid fuel.) 
The storage may be reduced by raising the return 
connexion to tlie storage vessel and/or by the 
use of a two-way (economy) valve. See Fig. 4. 

The use of a two-way economy valve is also 
justified when it is known that a reduced service 
will be required at certain times. 

. Further points that arise in replace- 
ment jobs concern the flue, furred pipes, 
radiators and towel rails. With regard to 
the flue work this must, of course, conform 
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to the I.G.E. Regulations, 1937 " and 
to any local regulations. Generally, a 
circulator, if it requires a flue at all, 
already has the primary flue and baffler 
as approved and integral parts of the appli- 
ance. All that has to be considered, then, 
is the secondary flue and the terminal. A 
standard run to the outside air is straight- 
forward, but may be more expensive and 
certainly less neat than running the flue 
into the chimney previously serving the 
solid fuel boiler. So long as additional 
ventilation is given to such a chimney by 
an air brick, by removing the cleaning 
door or by a special annular opening 
with distance pieces to hold the flue, no 
condensation difficulties need be feared. 

Furred pipes will not affect the increased 
efficiency of a new gas boiler or circulator. 
Moderate scale in the existing flow and 
return pipes can be ignored ; and even if 
the flow pipe is badly furred up, replacing 
the first few feet will usually be sufficient 
to make things right. It is not to be 
considered necessary in every case to fit 
larger or diileient pipes ; if tlie solid fuel 
boiler works well without the need for 
" forcing,” then the gas boiler should work 
equally well and in many cases better. 

With regard to radiators and towel 
rails, these will all work as well on a 
gas-fired system as on a solid fuel system. 


but the question of running costs should 
be borne in mind. Most radiators can be 
allowed for on a known B.Th.U. output ; 
or as a rough figure the basis that one 
large radiator (10 loops) is equivalent to a 
gas rate of 8 cu. ft. per hour can be taken. 

Battery of Boilers. In larger jobs (both 
new and replacement) it is sometimes found 
that rather than one large gas boiler 
it is more convenient to instdl two or three 
smaller ones as a battery, serving one 
common storage vessel. The convenience 
often lies in the better allocation of space, 
reduction of the size of the system during 
slack periods, ease of maintenance, etc. 
In arranging these batteries of boilers or 
circulators, probably the most important 
consideration is the flue. In the past a 
common sloping flue open at one end with 
connexions teeing down to the flue spigots 
of the appliances was considered the best 
practice ; but to-day, especially with the 
advent of the integral baffler, it is con- 
sidered better to have a separate baffler 
for each appliance and then to run a 
common secondary flue to the point of 
termination. The end of the common flue 
need no longer be left open, except perhaps 
to entrain some excess air to reduce the 
possibilities of condensation. As much 
vertical run as can conveniently be got 
is essential on this secondary flue. 
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As far as flow and return pipes are con- 
cerned on these batteries of circulators, 
common headers for the flow and return 
connexions prove to be best for the main- 
tenance and the continual supply of a 
full bulk of hot water. If; however, a 
reduction of service is required during 
slack periods of the year, then separate 
flow and return pipes may be preferable. 

In either case, although the introduction 
of valves on the flow and return pipes may 
seem a great benefit from the point of view 
of maintenance, unless they are under the 
supervision of a competent resident en- 
gineer they are merely a potential source 
of trouble in inexperienced hands. Valves 
are unnecessary on all but the very largest 
of domestic installations. 

C GAS BOILER AS ALTERNATIVE SYSTEM 

This is a field where the gas boiler or 
circulator can be used to great advantage. 
Thus it makes possible a cool kitchen in 
summer by taking over the whole water 
heating load ; and can assist the solid fud 
boiler in winter by running simultaneously 
with it. If it is to perform its job to the 
best advantage (especially if it is to run 
NQinltaneously as a '"booster" for the 


existing boiler), the circulator should be 
installed with separate flow and return 
pipes and n& valves whatsoever (Fig. 5). 

, There is one particular type of circu- 
lator of comparatively low output (gas 
rate 30 cu. ft. per hour) which has been 
designed with side union connexions and 
may be fitted in other ways for convenience 
and sake of appearance as follows : 

(a) The best alternative to the use of separate 
flow and return pipes is to connect across the 
existing flow and return, so that the solid fuel 
boiler is by-passed and the circulator cannot 
be used at the same time as the solid fuel boiler. 
A valve operating both the waterways and the 
gas way should be fitted, to enable the user to 
make an easy change-over from one fuel to 
another. (See Fig. 6.) It will be noticed that 
in this instance the gas heater cannot augment 
or ** boost " the solid fuel boiler. • 

(&) Coming after method (a) in order of merit, 
this system (see Fig. >) is arranged so that in 
'series with the existing flow pipe a valve similar 
to the one mentioned in method (a) must be 
fitted. The coke boiler then becomes part of 
the return pipe to the circulator, and is, of 
course, a potential source of heat loss. It is 
clear ^at for continuous operation the fixing 
of the circulator on the flow' pipe should be 
only a last expedient ; and although the circu- 
lator cotfld be used at the same time as the 
coke boiler, this would probably result iu ue^d 
for increased maintenance 
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With all three methods the existing 
system must be a cylinder system or be 
convertible to a cylinder system. 

indirect Systems. These are common 
with solid fuel systems today, but very 
often when a central heating system shuts 
down in the summer, or even because of 
the nuisance of heat from the solid fuel 
boiler, some alternative method is desired, 
sized up for the summer domestic hot 
water load only. 

The gas circulator here is brought in by 
direct separate flow and return connexions 
to the storage vessel — the calorifier or 
indirect heater remaining in position but 
•out of use for the time being (Fig. 8). 
The illustration shows the simplicity of 
such an installation, which has no addi- 
tional valves save, perhaps, a two-way 
economy valve for the reduction of storage. 
It would be wiser to shut down the central 
heating circuit (if any) while the gas 
circulator is in use. 

O. RUNNING COSTS OF GAS-FIRED HOT 
WATER SYSTEMS • 

Although on the question of costs it has 
been stated that gas on a two-part tariff 
rate can be as cheap as solid fuel in a 
suburban home for water heating, the 
statement holds good only when the coke 
boiler is a normal unlagged installation 
and the gas boiler or circulator substitute 


forms part of a satisfactory lagged cylinder 
system. It is the lagging of the existing 
pipes and storage that makes it possible 
for gas to be used on a competitive basis. 

But some users, in spite of increased 
running costs due to unlagged pipes and 
storage, will prefer the fuel for the sake of 
its convenience ; and others like the 
additional warmth in the house. The 
amounts involved should be considered 
by the engineer so that the future user of 
the installation can be advised of the 
amount he is likely to save by paying out 
initially for the extra work of lagging. 
Some examples of heat loss costs are : 

(a) I in. pipe, bare or painted with non- 
metallic paint. 

(1) Heat loss per hour for lo ft. run (water 
at 140® F) = 660 B.Th.U. 

(2) The same pipe when lagged (same con- 
ditions) loses only 135 B.Th.U. per hour. 

These losses translated into costs with 
gas at the alternative rates of gd. per 
therm and 4d. per therm show that the 
equivalent weekly costs of gas (75 per 
cent, efficiency) per 10 ft. run are : 

(1) For the unlaggcd pipe 13*3 pence at 
9d. therm, 5*9 pence at 4d. therm. 

(2) For the lagged pipe 2*8 pence at gd, 
therm, 1*3 pence at 4d. therm. 

{b) (i) TO sq. ft. of galvanized-iron tank 
surface when unlagged loses 1,200 B.Th.U. per 
hour (water at 140“ F.). 

(2) When the same surface is lagged the loss 
is only 220 B.Th.U. per hour. 



HOT WATER SUPPLY • QA8 CIRCULATORS. Fig. 8. Auxiliary hot water supply by Indirect system (dotted 
In) for use when cantrai heatini apparatus (left) o? Independent boiler (right) is not in use ; |as circulator 
• conn.^ by iSdependant circulation to storage tank, and a two-way valve regulates quantity of hot water In 
uSlcempore Fig. 4) i A and A1 are etopeocke to shut down circulation from central heating unit. 
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When translated into costs with gas at 
the alternative rates of gd. per therm and 
4d. per therm, the equivalent weekly costs 
of gas (75 per cent, efficiency) per lo sq. ft. 
of galvanized tank surface are : 

(1) For the unlagged tank 24*3d. at gd. 
therm, io* 8 d. at 4d. therm. 

(2) For the lagged tank 4-5d. at gd. therm. 

2 'od. at 4d. therm. 

As general rules for the installation of 
gas circulators we may say that all storage 
tanks should be lagged ; and the supply 
pipe to any hot tap likely to be used on an 
average more frequently than once per 
hour must be lagged. 

Maintenance. The maintenanc e of gas 
circulators does not differ greatly from 
that of other gas water heating appliances 
(see notes on instantaneous water heaters 
under Hot Water Supply: (4)), as the 
usual rules concerning the state of the flue 
pipe, baffler and terminal (if any) must 
hold good. Also (and this cannot be 
stressed too much) it is essential that the 
burners should be left in sound condition 
and the gas rate set and properly checked 
by a test with the meter and a watch. 


Apart from these points and the usual 
cleaning of flueways, etc., the only major 
operation is the cleaning of the waterways. 
To do this properly the circulator should 
be entirely disconnected and the scale 
removed by de-scaling tools and chemical 
de-scaling fluids. It is in the disconnexion 
of the appliances that care must be taken : 
the fact that no valves are recommended 
on the flow and returns means that the 
whole system must be emptied down before 
the circulator is removed. This should be 
done preferably through the emptying 
cock, which to-day often forms an integral 
part of the appliance. A stopcock on the 
cold down-feed to the system is a great 
advantage to the maintenance man ; to-day 
this cock is hardly ever omitted. 

When assembling the circulator, use 
new jointing washers to replace old ones ; 
tighten any plugs previously loosened, 
and then let the water in and test for 
soundness. All draw-off taps should be 
opened before letting the water in, and 
Should be left open until the water flows 
freely through each. This should help to 
prevent air locks. 


HOT WATER SUPPLY: {4) INSTANTANEOUS GAS 
WATER HEATERS 

By J. Murray Grammer, Assoc.M.lnst.Ga|E., A.M.I.H.V.E. 

In this contribution Mr. Murray Grammer reviews the leading types of instan- 
taneous water heater burning gas fuel, with notes on the choice of appliances for 
specific duties. Fixing instructions are given, with diagrams. The arrangement of 
Sections is : A, Types of heater ; B Choice and running costs ; C, Valves on 
heaters ; D. Fixing ; E, Ventilation of heaters ; F, Instantaneous heater as 


alternative system ; 

Instantaneous water heaters (known in 
their earlier days as geysers) are probably 
the most numerous of dome.stic gas water 
heating appliances. This does not mean 
that there is an instantaneous water heater 
for every possible type of job. but rather 
implies that they can be used in most 
cases with varying degrees of success. 

No hot water engineer, plumber or 
builder should limit his recommendations 
to one particular type of water heating 
appliance, but should review each case 
' on its merits, remembering that the ideal 
is " hot water at any time and at any tap." 
The perfect installation often costs too 
much initially, and provides a better ser- 
vice than that for which the user can afford 
to pay ; hence it is that the humbler 
systems axe more often the order of the 


G, Maintenance. 

day. Rather than aiming always at a 
" second best " system, however, the 
engineer should go out first of all for the 
** full bore " service ; but until the public 
becomes more appreciative of, and able to 
pay for, such a service, these other instal- 
lations will continue. 

A. TYPES OF HEATER RBYIEWED 

Granting, then, ^ that “full hot water 
service at several points “ can be given 
only by a properly chosen multi-point 
storage system (with circulation), what is 
the proper application of the instant- 
aneous heater ? 

The nearest approach to full service is 
given by the instantaneous multi-point 
heater (non-storage ) — see Fig. i. lliis 
can provide a restricted service to several 
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taps (but generally not to two taps at the 
same time) from a central source, giving 
unlimited hot water, but at a lower rate 
of flow than is possible with a storage 
system. 

Such heaters are especially suitable for 
multi-point service where there is limited 
space, where a more or less continuous 
flow over fairly long periods is required, 
and where the usage is relatively small and 
intermittent. In the latter instance it 
must not be forgotten that economies in 
intermittent use may be made by the 
separate operation of a local sink heater 
plus a locsd bath heater. An installation 
such as the last one described brings us 
immediately into a lower class of installa- 
tion — that of individual instantaneous 
heaters, or “ single-points." These may 
be installed as the sole means of heating 
water in a house, or as alternatives to an 
existing system (e.g. single-point bath 
heater in bathroom to serve batli and 
perhapa the hand basin by means of a 
swivel spoilt or a two-way diverter tap 
and spout extension ; a sink heater in 
downstairs cloakroom and a sink heater to 
provide hot water for washing up and 
culinary purposes in the kitchen). For 
this last purpose there is the small boiling 
water instantaneous heater, which may be 
fixed at the kitchen sink — an advantage 
even where a hot water supply already 
exists. 

Among the instantaneous heaters there 
are the types given in the next column. 



HOT WATER 8UPPLV ; INSTANTANEOUS GAS 
HEATERS. Flft. 1. **Cal-font de Luxe " instantaneous 
multi-point non-storage heater, giving unlimited hot 
water to restricted number of taps at lower rate 
than from storage system. (Ewarl & Son, Lid.) 


(a) Multi-point heaters with outputs varying 
between gal. per minute to 3^ gal. per minute, 
raised 40° F. 

(b) Single-point bath heaters with outputs 
varying between 2^ gal. per minute and 3^ gal. 
per minute, raised 40® F. 

(c) Single-point sink heaters with outputs of 
about I gal. per minute, raised 40® F. 

(d) Single-point boiling water appliances cap- 
able of delivering hot or boiling water (in some 
designs the appliance is arranged so as to 
deliver boiling water ONLY) with outputs vary- 
ing between 2J pints of boiling water per 
minute (from 60® F.) for the domestic size, to 
outputs as high as 12 pints per minute in the 
restaurant sizes. 

Multi-point Heaters. Reviewing the 
four classes, it must be explained in the 
case of the multi-points that so low a flow 
as gal. per minute raised 40° F. would 
be tolerated only by those who realized 
that such a service was the best com- 
promise between what the consumer could 
afford and what should really be supplied. 
The relatively slow delivery at the bath is 
an obvious disadvantage, but one which 
may easily be over-emphasized, as it is 
often much less obvious to those who 
hitherto have had no hot water on tap 
than to people used to a quicker service. 

It should be remembered, too, that the 
small multi-point will give a bath more 
cheaply and in half the time required with 
the cheapest alternative means — the wash 
boiler. Small multi-point heaters are 
operating very satisfactorily in blocks of 
artisan flats. , 

As to the larger sizes, the upper limiting 
rate of '^'w already indicated suffices for 
domestic, istcillation, although some years 
ago very .arge multi-points were installed 
and used for jobs reaJly more suitable for 
large storage heaters. 

Multi-points are of the closed pressure 
type, and generally consist of a coil, part 
of which forms a finned heat interchanger ; 
the modern types will supply taps at any 
part of the house so long as there is suffi- 
cient head to operate the automatic gas 
and water valves, although some of the 
earlier models (e.g. the " broken feed " 
type) depend ■ 3 on a gravity flow of outlet 
water to the taps, and therefore had to be 
fixed as much above the taps as possible 
so as to ensure a reasonable outflow of hot 
water at those taps. 

Single Point Heaters. The original 
• “ single points " for bathrooms consisted 
merely of a copper drum-shaped body 
down and through which water cascaded 
over baffle plates, to collect at the bottom 
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and so flow out of a spout and into the 
bath. The gas products flowed upwards 
across the same bafiie plates, mixing and 
being in the same compartment as the 
water itself until they left the appliance at 
the top flue outlet. These heaters main- 
tained a high thermal efficiency, were 
cheap to manufacture, and very easy to 
maintain. They became unpopular owing 
to the fact that de[)osits (copper salts) 
were allowed to be carried into the bath, 
staining the surface of the bath and some- 
times the water itself— quite apart from 
the fact that they were not fitted with 
automatic valves or, in many cases, even 
with interlocking taps. Singularly enough 
however, the “ open ** type single-point 
instantaneous heater is very much in use 
again today in the form of a sink heater. 
The S.S. sink water heater (see Fig. 2) is 
most simple in design and maintenance; 
it avoids internal corrosion by having 
internal baffle plates of aluminium, over 
which the water flows downwards to the 
outlet. 

With this exception we may take it 
that most single-point heaters are of the 
closed type. Some models had elaborate 
overflow water chambers, but today the 
coil type seems to be as popular. A further 
differentiation is between those with a 
'' broken feed " water connexion and 
those which are designed to withstand the 
full pressure of direct connexion to a main 
water supply, Uhdoubtedly the latter 



QM Water hot water supply: instan- 
Inht taneous gas heaters. Fig. 2. 

OT/tfi Tj,, “National” 8 . 8 . sink water 
heater, open type single-point; avoids internal corro- 
sion by the use of aluminium baffle plates. 
NafUmat Oas Water Heater Co., Lti. 


types make for the neatest appearance, 
but the broken feed type is generally 
much simpler in valve construction, etc. 

Boiling Water Heaters. These are 
not so numerous as the ordinary instan- 
taneous heaters, since until recently no 


F/oat vuve 


H9attng Coif 
form met 


Descending 
Outlet Pipe 


Control Le)fer 



Boiler 


Stand Tuba 
eonreulng waUr 
to boner m float 
raiee uthenk^er 
is in ^Boiling' 
position 


Burner 


WOteriniet 


Fig. 3. “ Ascot ” R.8. 52 water heater, Instantaneous 
single-point sink heater with provision for supplying 
• boiling water. 

Ascot Oas Water Heater, Ltd. 


effort has been made to place them on 
the domestic market. Today, however, 
the small-output heaters are being 
largely utilized for tea making, bging 
quicker and more efficient in use than 
kettles ; while in restaurant work the 
only way to provide for a good class 
tea demand is to use small teapots, one 
for each small group of customers, and 
to brew tea in each pot as and when 
required, with freshly boiled water from 
a boiling water heater. As it is to be 
expected, these machines are more expen- 
sive than their hot water cotmterparts ; 
they have to withstand greater wear, need 
some special “ boiling water only " valve, 
and have to be made readily accessible for 
de-scaling (see Fig. 3). 

B. CHOICE OF SYSTEM : RUNNING COSTS 

• In deciding the size of instantaneous 
water heaters to be recommended, the 
general answer should be ^*the ^ckest 
heater that the customer can anord *'; 
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bat the following points also affect the 
final choice : 

X. Shape and size of heater in relation to space 
and position available for fixing — and especially 
for making a good secondary fine connexion. 

2. LxaweT gas rate {i.e. slower heating) may 
enable change of meter, supply pipes, etc., to be 
avoided and reduce possibility of adverse effect 
on other appliances in the house. 

3. Economy and neatness in fixing — size of 
connexions, flue pipe. 

4. With multi-point heaters the smaller the 
heater the more economical its use at the sink, 
owing to the smaller thermal capacity of the 
heater and its contents. 

On the question of running costs it is a 
mistake to assume that gas is a luxury 
rather than a utility fuel for domestic 
water heating ; and that of the two gas 
water heating systems (storage and in- 
stantaneous) the former is necessarily 
much more expensive. Everything depends 
upon whether the right system has been 
installed for the particular job. 

Actually we can say that storage and 
instantaneous heaters cost about the same 
to run. Where hot water is required ip 
small amounts at infrequent intervals, 
instantaneous heaters are more economi- 
cal. For households with medium require- 
ments they are probably somewhat more 
economical, while for larger requirements 
there is little difference for a giv^n 
quantity of water, A quick heating storage 
system tends to greater use of hot water 
{i,e. fuller service), with resultant in- 
creased cost. It is possible, however, to 
overstress the importance of running 
costs for many people, though it must 
not be under-estimated in dealing with 
those of lower incomes. 

It is not at first obvious why the differ- 
ences in running costs of storage and 
instantaneous water heaters are small, 
though practical tests confirm this, since 
it is frequently urged in favour of instan- 
taneous heaters, irrespective of the service 
required, that 

(a) The pilot consumption is negligible, or at 
least small, while storage heaters require an 
appreciable by-pass consumption. 

{b) Heating efficiencies are higher. 

(c) Heat losses inseparable from a sto ge 
system are eliminated. 

All this is true, but (a) and (b) are reaUy 
the same point, while all efficiencies today 
are very high and the variation between 
the two types is not considerable. Other 
points to considCT are the fact that each 
time an instantaneous heater is used 
starting from cold, heat has to be supplied 


to heat the appliance itself before the 
water is fully heated ; multi-point heaters 
working on a fluctuating main water 
pressure can also give relatively low over- 
all efficiencies, because of waste during 
the period of adjustment, especially when 
pipe runs are long. (Heaters with water 
governors overcome this disadvantage.) 
With any hot water system, if the pilots 
are left alight (as they must be for good 
service) or fuel is burned to keep stored 
water hot, and if only very small quantities 
are drawn, the overall cost per gallon of 
hot water will be abnormally high. 

C VALVES ON INSTANTANEOUS 
WATER HEATERS 

Automatic valves (see Figs. 4-8) are 
employed on all types of instantaneous 
water heater for two main reasons: first 
to provide automatic opening of the gas 
valve when water is drawn ; and secondly 
to act as a safety device by preventing 
gas reaching the burner unless there is a 
certain minimum flow of water. An 
entirely automatic and foolproof appliance 
is obtained by the use of interlocking taps 
to prevertt the main gas supply to the 
burner being turned on unless the pilot 
tap is turned on, and in multi-point 
heaters a thermal cut-off is provided 
which closes the main gasway if the pilot 
flame becomes extinguished. 



HOT WATER SUPPLY : INSTANTANEOUS QA8 
HEATERS. Fig. 4. Automatic valve for *'Ascot" eingle- 
point gat water heater, R 12/4 : A, water section ; 
B, gat section ; C, cold water Inlet ; D, hot water 
tap ; E, high pressure duct ; F. slow ignition valve ; 
Q, rubber diaphragm ; H, venturi ; J, low pressure 
duct : K, cold water outlet to body ; L, push rod ; 
M, gas inlet ; N, gas cock plug ; O, gas valve ; P, gas 
valve spring ; Q, gas outlet to burner ; R, gas cock 
handle ; 8, hot water inlet from body ; T, cold water 
tap ; U, open water outlet. 

Ascot aas Water Heaters, Ltd. 




HOT WATER SUPPLY: INSTANTANEOUS QAS HEATERS. Figs. 6 and 6. *' Ascot *' pilot safety device : 

(5) pilot flame out, gas valve closed ; (6) pilot flame alight, gas valve open. A, protective cover ; B, bl-metai 
spring ; C. gas inlet ; D, connecting rod ; E, burner tube ; F, gas valve ; Q, pilot flame ; H, pilot. (Ascot Gas 

Water Heaters, Ltd.) 


There are two points in connexion with 
these valves which require elucidation : 
the determination of the “ minimum 
water flow ** and the “ minimum per- 
missible head.*' 

Minimum Water Flow. The choice 
of the “ minimum water flow " is affected 
by: 

(i) Gas rate of lieater, determining the tem- 
perature rise at minimum flow. 

i ii) Inlet water temperature fluctuations, 
iii) Purpose for which water is re- 
quired. 

(%i and iii determine the necessary Wattr flowing 

lempera^re rise.) in from broken 

(iv) The hardness of the water. 
jv) The construction of the heater. 

(ft; and v determine the allowable 
temperature rise.) Bucket 

In the London area, at least, lowers n 

it now appears to be generally 
agreed that an adequate tern- 
perature rise above the cold inlet lent to 
water temperature (this may vary 
between 35® F. and 65° F.) is 
100® F. If the temperature rise 
were allowed to exceed this limit, bucket c 
maintenance would be increased, tl'w* 
owing to the heavier scale 

Pf/ot Ct/he >v 


formation, and the life of the heater 
would be reduced by overheating ; the 
possible effect of internal bursting forces 
due to local steam formation must be 
reckoned with. 

Usually valves are not manufactured 
as proportional gas and water rate 
controllers (although such systems are 
in use), but are designed to open the gas 
way only when a certain flow (correspond- 
ing to about 100® F. rise) at the correct 
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when flow of 
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ing out of the 
bucket all the 
time) 
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Fig. 7 (above). Low head 
bucket valve, eu liable 
for aog Instantaneous 
single-point bath heater: 
opens only when weight 
of water In bucket Is 
sufficient 


Fig. 8 (left). ■* Callfont 
de Luxe " multi-point 
water heater valve oper- 
ated by disc which Is 
moved by water flow. 

Evart S Son, Ltd, 
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gas rate is reached. Sometimes these 
valves, when operating near the limit of 
minimum water flow, are very susceptible 
to fluctuations in the inlet water pressure, 
so that wherever possible it is wise to 
fit the heaters on the down feed of an 
ample cold feed tank. (N.B. — liven with 
tank supplies the outlet pipes should be 
of adequate bore and should not be over- 
loaded ) 

Minimum Permissible Head. Refer- 
ring now to the question of “ minimum 
permissible head,” it should be said at 
once that all makers try to reduce this 
limiting factor of installation as far as is 
possible and consistent with the use of 
adequate force for the safe and certain 
closing of the gas valve. Thus, although 
lower heads might be possible with certain 
heaters, these would only be obtainable 
by reducing the reliability of the valve 
(e.g. by using weaker springs) or by 
increasing the cost of the appliance 
through using larger diaphragms. 

As water flows from the inlet to the 
outlet 01 c**. cipiiliance or valve mechanisnt, 
a certain amount of pressure is lost through 
overcoming the resistance in the water- 
ways ; it is this pressure loss (at the time 
when a full gas rate is just reached) that 
is known as “ the minimum head required 
to operate the valve " or the “ minimum 
permissible head.” (It should be noted 
that most valves require a rather greater 
flow to open them than is required to 
keep them open. Hence, to obtain the 
higliest temperature rise, the draw-off 
should be opened just sufficiently to open 
the valve and then it should be slightly 
closed again to a point where the absolute 
minimum flow is reached.) 

It is essential that the maker's data 
sheet should quote the minimum head 
to operate the valve ; but even when this 
has been read and duly noted the appliance 
must not be installed without due regard 
U) the effect of pressure losses in the jnpc 
runs, stopcocks, fittings and draw-off 
taps. In fact, unless the available head 
(this should be measured as the ver^^'cal 
distance between the cold feed tank u.nd 
the spout or highest draw-off) is greater 
than the combined resistance of the 
valve, waterways, pipes, fittings, stop- 
cocks and Ups through which the water 
has to flow to its first broken point, the 
valve will not opevi. It will be seen then 
that in some borderline cases the valve 


may be caused to work by running a 
larger down feed, fitting larger cocks, or 
even by removing some internal corrosion 
which has been restricting the water 
flow. 

The provision of the minimum per- 
missible head does not imply that the 
rated output flow from the heater at a 
40° F. temperature rise will be obtained. 
Actually this rating is purely a nominal 
one for comparison of performance. In 
actual practice users rarely demand water 
at so low a temperature as that resulting 
from a 40 "" F. rise. 

Of the valves themselves, we find that 
with pressure type appliances {i.e. those 
in which the water supply is unbroken 
right into the interior of tlie appliance) 
the valves are robust and generally 
spring or weight loaded. With ‘‘ broken 
feed ” appliances the water flows out from 
the valve via a broken feed into the 
appliance. From this point the water 
flows through the heater by gravity. 
Valves, however, are sometimes embodied 
in the heater itself, and water flows into 
them from the broken feed. These types 
arc generally found in earlier models, 
although their simplicity and need for 
very low operating heads make them 
indispensable in certain jobs today. 
Multi -point valves operated by the flow 
of water through a venturi throat or 
across an orifice are designed to be operated 
by a closing outlet ; iut in the case of 
valves u.s(h 1 on certain single-point heaters 
which be of the spring loaded pressure 
operate- type, the outlet should not on 
any account be closed or restricted. The 
use of pressure operated valves with fixed 
open outlets is common, as such valves 
arc cheaper to manufacture. 

Most modern valves embody some slow- 
ignition device, often in the form of a 
restricted flow for the water passing 
into the loaded diaphragm, while on the 
multi-points a thermal cut-off operating 
on the bi-metallic principle is generally 
an integral pirt. 

D. FIXING INSTANTANEOUS GAS 
WATER-HEATERS 

Any gas water heating appliance, when 
fitted, should have an adequate gas 
supply, an adequately sized meter and 
adequate water supply. Also, if the 
conditions and gas rate of the heater 
demand it, it needs an adequate flue 
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HOT WATER SUPPLY : INSTANTANEOUS QAS HEATERS. Fi(t. 0 and 10. Rxinc tlnyla-polnt heater to 
supply bath : (9) bad^arrangement with long horizontal and Inefficient secondary flue; (10) improvement brought 
about by extending outlet from spout in copper tubing so that heater is against external wail, and by lowering 

heater to allow longer secondary flue. 


installation. Details of standard gas- outlet tap over the bath ; in fact, the multi- 
fitting practice and of the coltl water point need not be in the bathroom at all. 
supply are covered elsewhere in this work This is also a very useful arrangement 
(see Gas Fitting ; Cold Water Supply ; where there is no outside wall or window 
Flues), so that with the exception of one in the bedroom, or where it would be 
or two flue details no further information difficult to run the flue from the bathroom. 


need be given here. Certain details 
peculiar to the installation of Instan- 
taneous Water Heaters will be discussed, 
however. 

Fixing Single-Point Heaters. The 

heater should be so placed that there is 
sufficient head to operate its valve. The 
heater should be kept as low as possible, 
as this has the advantage of allo\idng a 
useful height of secondary flue pipe and 
also brings the spout nearer the bath. 
With the spout, however, it is not essential 
that it should come at the tap end of the 
bath. To provide for this would often 
involve the need for a long horizontal run 
of secondary flue, whereas by fixing the 


The spout extension already mentioned 
would be run in |-in. B.S. light gauge 
copper tubing, and would be joined to the 
existing spout (shortened) by means of a 
J-in. copper capillary union (see Fig. ii). 
In some cases special bushes will be 
required, but the illustration shows with 
what ease such an extension can be made 
for a G.L.C. Single-Point Water Heater. 
The copper tubing should be cliromium 
plated after setting into shape. 

A further, development associated with 
the extension spout idea is the two-way 
adapter, designed for use when more than 
one point is to be served by a single-point 
heater. In use it is intended to supply 


water heater as 
near to the outside 
wall as possible in 
every case, a short 
flue with a mini- 
mum of resistance 
to the flow of the 
outgoing products 
is assured. It is 
very much better 
to extend the spout 
and - shorten the 
flue, as may be 
seen in Figs. 9 
and 10. 

' Alternatively, a 
multi-point can be 
used to perform the 
duty of a single- 
point heater by 
serving a single 



' STANOAM 1POU1 

light GAUCf 
COPPCP 
rUMNC 

Fig. 11. Method of adapting standard copper union to exh 
outlet away from ** Q.L.C.*' ■lngle>^lnt heater. 


hot water alterna- 
tively to a b|i.th 
and lavatory basin 
in the same room, 
but can, of course, 
be utilized in other 
combinations, 
such as serving the 
kitchen sink (over 
which the heater 
would probably be 
fitted, ‘ since the 
greatest use of 
water will prob- 
ably be at that 
point) and the 
bath in an ad- 
jacent room. It 
would do scanty 
justice to a gas 
installation 
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ASBESTOS CEMENT CXTENfOR rLUC PIPE AS NECESS 
SUITABLE TERMINAL (EAVES BEND IF NECESSARY) 
WALL PROTECTION PLATE 

VITREOUS ENAMEL TO ASSESTONE CONNECTING PIECE 
RICHARDS CLIP 
‘ TYPE CONNECTING PIECE 

TYPE CONNECTING PIECE 

•TRAPPED ELBOW FIXING 
WATER CONTROL OOCK 
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CONDENSE UNION CONNECTION 
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UNION (HOUSE SIDE OF TRAP) 

HOT WATER SUPPLY ; INSTANTANEOUS GAS 
HEATERS. Fig. 12. Typical installation of a single- 
point instantaneous water heater, showing heater 
fixed to wall over bath. The various parts and fittings 
for flue are indicated. 

however, li such an arrangement wer6 
suggested before it was quite certain 
that superior alternatives (e.g. multi- 
point or storage heaters) were unaccept- 
able to the prospective user. 

The G.L.C. adapter can be screwed 
straight into the spout ^tapping of the 
G.L.C. Single-Point Water Heater, leaving 
two unions to which the original spout 
and the extension are screwed respectively. 
The unions are reversible, so that either a 
left-hand or a right-hand connexion may 
be taken from the heater. As water will 
onlj feed to the extension spout by 
gravity from the heater, the whole run of 
the extension must be below the spout 
connexion in the heater. Bends should be 
as gradual as possible ; there should be no 
dips or traps in the tube which might 
cause an air lock, and the end of extension 
piece must always be 
open. In some cases, for 
a neat appearance, the 
extension could be con- 
nected to an existing 
basin tap, but only after 
the jumper of the tap 
had been removed so 
that it could not be shut 
oil. It is impossible to 
shut ofi title outlets from 
the two-way adapter 
completely— one con* 
nexion is always open. 



GAS SUPPLY 

Fig. 18. InBtallation of water heater with 
integral taps directly over sink. Cold up over 
sink Is removBd but ekltting hot up Is left intact. 


In arranging the installation of single- 
point bath heaters many points come under 
review, but Fig. 12 will serve as a reminder 
of the principal items required. Although 
this diagram does not serve for multi- 
point heaters, the fixing of the latter with 
their iron, copper or lead gas and water 
connexions is really straightforward gas 
fitting or plumbing work, and flue practice 
is standard. Details of multi-point systems 
will be pven later in connexion with their 
installation as alternative methods of 
providing hot water to taps served by 
solid fuel systems. 

A special item with regard to single- 
point heaters (namely, disposal of con- 
densation) will now be dealt with. (N.B. 
Some modern single-point heaters and most 
multi-point heaters do not condense.) 
Condensation should be disposed of in 
one of the three following ways (preferably 
by the first method) : 

(a) Into the house side of the trap in 
the waste pipe from the bath or basin. 

(b) Through the wall to discharge above 
an open hopper head. 

(c) To ^ condense pot (to be emptied by 
hand before it becomes too full). 

With the first two methods a J-in. 
union should be provided to facilitate 
disconnexion of the pipe for cleaning. 

Sink Heaters. We must now con- 
sider the fixing of the instantaneous sink 
heaters. For some types it is normally 
only necessary to remove the cold water 
tap ovf .• the sink and connect the heater 
in its -ace (Fig. 13). Such heaters 
have COL. and hot taps as integral parts, 
so that the original cold tap is not used 
as such. \\Tiere, however, it is im- 
practicable to fit the heater over the sink, 
it is probably better to fix one of the type 
that can be controlled by a small stop- 
cock on its inlet (this cock can be placed 
over the sink near the 
cold water tap). 

An extension spout is 
run back from the heater 
to the basin {see Fig. 
14) and terminated with 
a neat open bib. Swivel 
spouts allow a single 
heater to serve two ad- 
joining basins, but unless 
the heater is of the pres- 
sure type and specially 
sized connexions and 
fittings are used, spray 
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attachments should not be recommended. 

In any case, when a spray attachment or 
rubber extension is fitted, it must not be 
on to a main water supply but must always 
be taken from a tank, or the heater must 
be so fitted that the rose end of the tube 
cannot dip into the basin. 

Figs. 13 and 14 show 

methods of fixing the two CXISriNC COLO TAP 

types of heater referred to control cock 


necessary, as the gas rates rarely exceed 
60 cu. ft. per hour and then operate only 

for very short 

periods at a time. 




above, the principal fittings 
being named for guidance in 
estimating. Where a sink 
heater is fixed in front of 
a window its weight may 
easily be taken by a neat 
batten screwed across the 
window, level with the sup- 
porting lug on the heater. 

£. VENTILATION OF INSTANTANEOUS 
HEATERS 

As instantaneous heaters have the 
highest hourly gas rates of all the domestic 
appliances (though these high rates are 
only intermittent), and are often fixed in 
comparatively small rooms, adequate 

ventilation for the size of room and 

heater should be provided wfth every 
installation. The outlet ventilation will 
be provided by a flue pijie in the larger 
installations; but 
with sink heaters 
(which generally are 
not fixed in bath- 
rooms) flues are un- 


HOrVMTER DRAW OFT 
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X^CAS CONTROL COCK 



CAS 'supply 

HOT WATER SUPPLY ; INSTANTANEOUS GAS HEATERS. 
Fits. 14. Alternative installation to that of Fir. 13: here it le not possible 
to fix heater over sink, so the outlet is extended as shown; stopcock 
IS fluted on inlet pipe near existing cold tap. 

The general functions of a complete 
flue installation have been described (see 
Gas Fitting) earlier in this work, and 
mention made of recommendations con- 
tained in the “ 1937 Regulations " issued 
by the Institution of Gas Engineers. The 
fixings for flues, the positioning of ter- 
minals, etc., have also been covered, but 
the following clause of the Regulations 
sometimes involves additional fitting in 
the form of an air brick or special air 
inlet : 

Clause 16. 

((*) Any appliance fitted in a bathroom for 
heating water for a bath, having gas burners, 
generating more than 500 B Th U (gross) per 
hour per 35 cu ft of loom space Every such 
bathroom shall in addition be provided with 
adequate means of ventilation to the outside rif 
the room bv sutticient aperture or air shaft 
having an unobstructed sectional aiea of not 
less than 15 sq. in. 

N V* 




19 / I OIA MOLES IN DOOR 
'TO BC DRILLED TOWARDS 
VKNTILATOR 


> 


_ 16. Ventilation drillIngB in top of bathroom 
door, with cover plate fitted to conceal holes : 
(left) eection through door and plate. 
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Note — AH water 
heating appliances, 
whether fitted with a 
flue or not, shall be 
so placed as to ensure 
under all conditions a supply 
of air sufficient to support 
combustion. 

All water heating appli- 
ances not fittftcl with a flue 
shall be so placed as to 
ensure the free discharge of 
the products of combustion. 

One of the simplest 
methods of providing ad- 
ditional ventilation is to 
drill the bathroom door 
along its top (see Fig. 
15). A cover plate can 
be made to hide the 
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drillings, which can be of i in. diameter. 
The cover may be fixed to either side 
of the door, but it is better to have it on 
the outside ; if fitted inside, it will deflect 
any draught towards the ceiling. 

Other methods of additional ventilation 
have been adopted, such as leaving an 
annular space around the outgoing flue- 
pipe, or preventing a window from ever 
being completely closed ; but probably the 
air brick is the most accepted practice 
and, after all, is a lasting job. 


out a maid, such an arrangement is of 
great advantage. If the fire goes out, if 
the house has been left for the week- 
end, or if the solid fuel boiler in the 
kitchen is let out in warm weather, there 
is always the alternative gas-fired heater 
connected up and ready to serve all taps 
at once. 

Before going on to detailed points 
concerning alternative systems, there are 
three general warnings which must never 
be overlooked : 


F. INSTANTANEOUS WATER HEATERS AS 
ALTERNATIVES TO EXISTING SOLID FUEL 
WATER HEATING SYSTEMS 

Instantaneous water heaters were prob- 
ably first intended to be fixed as individual 
appliances in bathrooms, as alternatives 
to the existing solid fuel systems ; the 
latter, in many older houses, were notorious 
for their unreliability, inadequacy and 
running cost. Today, however, when 
considering an alternative system, we 
have in mind rather an up-to-date solid- 
fuel sysieiii to the pipe runs of which an 
Instantaneous multi-point gas water heater 
can be connected, so that when the boiler 
is out of commission a supply of hot 
water can be drawn at 


(a) Remember that in a properly arranged 
solid fuel circulating hot water system the water 
supply should feed from a cold storage tank, 
fixed in a position above all the draw-off taps ; 
and an expansion pipe should be run up from 
the top of the storage vessel. With regard to 
this open expansion pipe it is essential that the 
head of water serving the multi-point heater 
should not be greater than that from the cold 
feed tank ; otherwise, when the cold supply to 
the multi-point came to be turned on and the 
valve connecting to the storage system was 
open, water at the higher pressure \youId flow 
straight through the multi-point and up and 
out of the open end of the expansion pipe. This 
really means that the cold inlet water supply for 
au alternative multi-point water heater con- 
nected up to an existing sy.stem must come from 
the existing} cold feed tank. In best practice, 
this supply would be by means of a separate 
down feed pi])e. 


the taps merely l y 
opening or closing cer- 
tain control .valves. In 
the small kitchens of 
today, often run with- 
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HOT WATER 8UPPLV ; INSTANTANEOUS GAS 
HEATERS. Fig. 16. Conversion o^. 
tystem into cylinder •ystern larved by multi-point 
heater : new pipework shown by heavy lines. 


Fig 17. Multi -point heater fitted as an alternative 
to an existing cyiinder system : change-over valves 
are provided so that either system can be used : new 
pipework shown by heavy lines. 
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HOT WATER SUPPLY : INSTANTANEOUS QAS 
HEATERS. Ftg. IS. Another method of fitting 
multi-point heater as alternative to existing cylinder 
system (compare Fig. 17), with one two-way valve 
for change-over. New pipework in heavy lines. 

{b) The effect of (a) is that the water supply 
for tl\e multi-point must not come directly 
from the main service. Hence a careful check 
must be made to ascertain whether the head 
from the cold feed tank is sufficient to operate 
the automatic v^ve of the heater. If the head 
is not great enough,^ then the cold feed tank 
should be raised so as to prdvide the necessary 
pressure. It should be noted that in measuring 
the head available, the distance between the 
cold feed tank and the automatic valve of the 
heater does not give a true figure. The true 
minimum operating head is the distance between 
the highest draw-off tap and the cold feed tank. 
(To make sure of some margin it is recommended 
that the measurement be taken from the bottom 
of the tank, in case the tank nearly empties 
itself during use.) 

(c) In alternative systems as few valves as 
possible should be used, since numerous valves 
tend only to confuse the average householder. 
Some valves are necessary, however, but none 
should be fitted in positions where, if they were 
closed, they would interfere with th« free 
circulation of water in the storage system, or the 
free passage of the expansion pipe. Actually, 
even if the control valves were set to serve the 
taps from the multi-point, it should be po.ssible 
for a full fire to be alight in the solid fuel boiler 
without any fear of danger from stopped flow, 
return or expansion pipes. 

The above considerations govern the 
fixing details of these alternative systems, 
wd it will be realized that it is almost 
impracticable to connect up a multi- 
point heater to a tank system unless there 
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Fig. 10. Multi-point heater fitted to cylinder eystem : 
ae explained In text, change-over velvet are unnecet- 
aary, since cold water can be drawn from certain 
taps no matter which heating unit is out of com- 
mission. Heavy lines indicate new pipework. 

is only one tee in the flow pipe from which 
supplies to the draw-off taps are taken. 

Four explanatory diagrams arc given 
in Figs. 16 .to 19. The first shows the con- 
version of an existing tank system into a 
cylinder system, so that a multi-point 
heater can be connected up to serve the 
same draw-offs. 

The second diagram (Fig. 17) shows a 
simple method of fixing a multi-ppint 
as an alternative on an existing cylinder 
system. Fig. 18 shows the application of 
a special two-way control valve which 
leaves the householder with only one valve 
to turn when he wishes to change over from 
one means of water heating to the other. 

To obviate the need of change-over 
valves altogether, certain gas under- 
takings and contractors prefer an in- 
stallation such as that indicated by the 
fourth illustratioij (diagram, Fig. 19). 
With this method two taps are retained at 
the bath and hand basin, but at the sink 
a third main supply tap for drinking water 
is provided. By this provision it does not 
matter if all the other taps in the house 
are served by two separate water heating 
systems, as indeed they are. Thus in the 
winter, hot water would be supplied to the 
left-hand taps from the solid fuel system. 




and cold water to the right-hand taps via 
the multi-point (with gas turned off and 
the heater out of use for the time being) ; 
while in summer the multi-point could be 
lighted up and the right-hand taps supplied 
with hot water while the left-hand taps 
served as cold taps (the solid fuel boiler 
being temporarily out of commission, of 
course). 

G. MAINTENANCE OF INSTANTANEOUS 
WATER HEATERS 

Instantaneous heaters, as their name 
implies, are designed to be put into full 
action instantly, and because they produce 
hot water by a large expenditure of energy 
during the short time that the water is 
flowing out of the appliance, it might be 
thought that wear would be excessive. 
In actual practice it is found that little 
trouble need be feared on this score, 
however. Recent “ life ” tests, operated 
by turning the appliances on and off 
mechanically at regular intervals for weeks 
at a t^me. have demonstrated that mogt 
heaters of this type may be left to run 
for two years at a time without being 
touched in any way. Gas undertakings 
conducting periodical maintenance in- 
spection visits generally arrange for one 
inspection per annum. 

At such an inspection the following 
work would be carried out : • 

(a) Light up the appliance with water flowing 
and examine the state of the flames, and test the 
operation of the flue. 

(b) Examine the gas and water taps ; exchange 
washers where necessary. 

(c) Examine the condition of the flue pipe. 


baffler and terminal, clean them and renew them 
if any sign of severe corrosion is apparent. 

(d) Check over the general condition of the 
heater and renew jets or burners where necessary. 
Clean the burner and interior of the heater. 

(f) Disconnect the condensation pipe (if any), 
clean it throughly and all its connexions and 
make sure that there have been no leakages 
draining away from the interior of the appliance. 

(/) See that the lighting instruction plate is in 
place and in good condition. 

(g) Make sure that the heater is securely fixed 
on its bracket or wall fixing, and also that the 
flue pipe and fittings are safely held. 

(A) Charge the appliance witli water and 
watch for water leakages. 

(t) Having turned off the water, liglit the pilot 
(testing the thermo, cut-off, if any). Turn the 
gas cock full on and then turn on the water 
(t.«. if automatic valve is fitted). 

(j) Test the action of the automatic valve by 
turning off the water, when the burner flames 
should be extinguished. 

(A) Once again observe the condition of the 
flames and test the operation of the flue. 

(/) Finally, check" the water flow and par- 
ticularly the gas rate. The gas rate may often 
be roughly set by using a pressure gauge at the 
burner pressure point, but the final check should 
be by means of the meter test dial and the 
seconds hand of a watch. 

It will be noted that there is no mention 
of dismantling or cleaning the automatic 
valve anfbng these suggestions ; but unless 
there is a definite complaint, the only point 
that might be looked at is the water filter 
fitted to its inlet. 

Valve complaints, which really are 
extraordinarily infrequent, should be dealt 
with by an experienced fitter, specially 
trained for his job. The major work to be 
carried out by the inspection fitter is the 
cleanin-. of the burner, interior, and flue 
of flue V posits. 


HOT WATER SUPPLY; (5) BY ELECTRICALLY HEATED APPLIANCES 

There are three main methods of heating will make this matter clear : it is evident 
water by electricity for hot water supply : that if 20 gal. of hot water are required for 
by instantaneous heaters, by thermal a bath, the heating of the water over a 
storage heaters, and by immersion heaters, period of, say, 3 hours (as in a thermal 
Instantaneous electric water heaters heat storage type of apparatus) will require an 
water as and when it is required in the electric current flow only i/i8th of that 
same manner as does a gas geyser : they required if the heating period is 10 minutes 
have no storage capacity and must warm {i,e. in an in'^tantaneous heater). For this 
the water during the comparatively ’lort reason sell -contained electric water 
period of its flow through the apparatus, heaters are always of the storage type. 
Very few electricity supply companies will although in outward appearance and the 
permit their use, since they are an un- pipe connexions they may be similar to 
economic load. They need a tremendous a gas geyser. 

current flow for short periods at wide Thermal storage water heaters and 
intervds. Consequently they require the * immersion heaters are each dealt with 
mains, meters and all associated apparatus under their own headings. See therefore 
to be large enough to deal with a peak load Immersion Heaters ; and Thermal Storage 
which seldom occurs. A simple example Heaters. 
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HOT WATER SUPPLY: (6) PROBLEMS AND DIFFICULTIES 

By Frank Herod» M.II.San.1., R.P. 

Editor , ' The Plumbing Trade Journal*, 

Here, after setting out In simple language the essential rules governing the 
functioning of a gravity circulation. Mr. Herod discusses certain snags en- 
countered by the hot water fitter mainly In the smaller type of installation. 

Special notes are included on fire-back boilers. For other Information see 
the articles of the Boiler group. 


Unsatisfactory hot water supply in- 
stallations cause more inconvenience and 
annoyance, perhaps, than any other 
department of the plumber's work, and 
there is abundant evidence that such in- 
stallations are much too common. Further, 
in many cases, plumbers sent to correct 
the faults in such installations often fail 
to do so. 

Essentials for Good Functioning. 

The failure to install satisfactorily, or to 
correct faults, arises either from careless- 
ness or from ignorance of the natural laws 
governing the gravity circulation of a hot 
water installation. Those laws have been 
stated elsewhere in this work (see Heating 
and Hot Water), but it will be ^is well to 
repeat them here. Put in simple language, 
they are : 

(1) A good supply of hot water at taps 
cannot be obtained unless we first have 
an adequate cold water supply. In every 
case, therefore, the cold feed pipe must be 
at least equal in jDore to the hot main, 
draw-olf. 

(2) All waters contain, in var5dng pro- 


(3) It may be taken that water from a 
town's main enters the cold storage cistern 
at a temperature of about 45° F. The 
density of water at that temperature is 
62*422 lb. per cu. ft., whereas the density 
of water at boiling point is 59769 lb. per 
cu. ft. This means that, rouglily, 23 gal. 
of water at 45® F. wiU fill a 24-gal. tank 
when heated to boiling point. That differ- 
ence in density is the only motive power in 
an ordinary gravity circulation, as distinct 
from the accelerated " circulation some- 
times used on large installations. 

The pipes are so arranged that there are 
tfivo distinct columns of water ; what is 
called the " return " column is definitely 
cooler (and therefore denser and heavier) 
than the hot “ flow " column. The hot 
water is not forced up the “ flow " pipe 
by the heat of the fire ; it is forced up by 
the colder return column which, by means 
of the " dip pipe," is delivered near to 
the bottom 'of the boiler. 

Incidentally, because of this difference 
in density, the water in the expansion 
pipe is always (when the installation is at 


portion , dissolved 
gases ; these are re- 
leased as the water 
passes through the 
boiler, and enter the 
"flow" circulating 
pipe. The circulating 
pipes must therefore 
be arranged so that 
the released gases can 
pass up the flow pipe, 
through the storage 
cylinder, and out 
through the vent pipe 
or expansion pipe. It 
follows that both flow 
and return pipes must 
be laid with a direct fall 
from the hot storage 
tank cylinder or to the 
boiler, and no arch or 
dip at any point. 



work) at a higher level 
than that of the water 
in the cold storage 
cistern, as shown in 

Fig. I. 

(4) It is essential to 
select the right type of 
boiler and set it so as 
to secure the maximum 
transmission of heat 
from the fire to the 
water in the boiler. 

Range Boilers. 
There are domestic 
back-boilers (with a 
central flue passing 
through the boiler it- 
self) which will supply 
radiators in addition 
to giving ,a good hot 
water supply, but the 
present artide deals 
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only with the standard installation for 
hot water supply in a five or six-roomed 
house. 

Therefore a back-boiler of the “ Tri- 
plex” type should be selected (see page 139) 
because it is wide and shallow, with good 
length from front to back, and the flow 
and return connexions are set widely apart. 
The best heating surface of any boiler is 
” bottom heat ” — t.e, that of the fire 
itself and the hot flame passing under 
the boiler. This can be demonstrated at 
once by holding the hand in an upright 
position with a lighted match alongside it 
— and then holding the hand flat with the 
the match below it. 

The importance of traverse in back- 
boilers is not always appreciated at its 
true value. When the flow and return 
connexions are near together, the line of 
flow from the dip pipe to the flow pipe 
takes the form of a U, but when those 
connexions are set widely apart there is 
a mncVi wider traverse. The entering 
cold water has a longer travel over the 
hottest part of the boiler and, as heat 
transmission is in 
ratio to the tem- 
perature difference 
between the water 
and the bottom of 
the boiler, maxi- 
mum of heat is 
transmitted to the 
water (see Tig. 2). 

In most of ihc 
grates with which 
a back - boiler is 
supplied the pos- 
ition and size of 
flues are fixed and 
cannot be altered 
easily ; but failures 
have occurred even 
with the best 
grates, when they 
have replaced a big 
old-fashion*cd range, and the top ends of 
the flues have been left standing v. 'h a 
wide open space between them and the 
main chimney flue. There must not be any 
such space — the flue supplied with the grate 
must be properly “gathered,” by appro- 
priate brickwork, to the main flue of the^ 
chinmey . The continuous parallel-sided flue 
is essential whether on new work or alter- 
ations, any wide spaces forming ” cold air 
pockets,” which cause down-draughts. 



Short Travers E 


)T WATER SUPPLY : 
rniOBLEMS. Fig. 2. Tra- 
verse of water over heating 
surface in back-boilers: long 
traverse (above) providing 
maximum contact over 
hottest part; short traverse 
(below) allowing only short 
contact. 


When fixing a boiler to an ordinary 
(non-specialist) range, the plumber must 
see that the bricksetter forms the flues 
correctly, giving as much bottom heat as 
possible, and keeping the top of the 
horizontal boiler flue at such a level that 
cold air will not pass over the fire and 
under the boiler until the fire has become 
very low. The space between the back 
of the boiler and the brickwork should 
not be more than 2\ in. across, thus 
keeping the still hot flame close to its 
work. Water in the storage cylinder will 
remain hot much longer if, when retiring 
for the night and the fire happens to be low. 
the boiler damper is shut off. 




FAULTS IN EXISTING INSTALLATIONS 

Having pointed out the snags to be 
avoided when fixing a new installation, 
we come to those cases where the plumber 
is called in to remedy some other plumber's 
mistakes, and a number arc quoted. 

Air in Pipes. A plumber was called 
to a house where the circulation repeatedly 
stopped through air lock, and no hot water 
could be drawn. Taking an electric torch, 
he found that water from the ball valve 
entered the cistern with great force and 
splashing. The outgo from the cistern 
was immediately under the ball valve. 
As water enters the cistern only when 
water is })assing from the outgo, the air 
bubbles thus caused 
could be seen pas- 
sing iut« he instal- 
lation . Fig. 3). 

The trouble was 
overcome when the 
outgo was taken 
from the opposite 
end of the cistern. 

It could have been 
overcome just as 
easily by running a 
“ silencer ” tube 
from the ball valve 
to the botto a and 
across the ci:5tern ; 
any air which then 

entered the cistern would rise to the 
surface instead of entering the feed pipe. 

In any case, if the installation had been 
properly fixecl, any air entering would 
have passed out through the vent pipe 
without causing air lock. 

Air Lock in Feed Pipe. Air lock 
sometimes occurs in feed pipes taken from 





>^/r 3u66/es^ 
enter/no 
^eed Ptpe 


Fig. 3. Air-lock In pipes 
caused by bubbles entering 
cold feed pipe from ball 
valve immediately over it. 
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Jtir witlcolt^etatan fftqh Potnfi 


the side of a cold feed 
cistern and carried hori- 
zontally for a distance. It 
is generally only a partial 
air lock, but often quite 
enough to make the *' feed " 
insufficient. Air may pass 
into the feed pipe in the 
same way as in the pre- 
vious instance ; and, in 
addition, all water contains 
some dissolved gas. When this water 
stands for a time the dissolved gases are 
released, and collect at the highest point 
above unless the pipe concerned has a 
definite rise to an 
open end. 

CM In this case, if a 

5/’orage brass connexion a 
CtSrern 



JOiSts 


Ptow Ctreu/o/iftq P/pe 

Fig. 5. Air lock caused by air col- 
lecting at high points when lead 
pipe sags between joists. 



Pot 

Storage 

Cyhftaer 


HOT WATER SUPPLY : PROBLEMS. Fig. 4. Air lock in feed pipe : A, 
drop feed from bottom of cistern, sometimes recommended as better than 
position B ; C, air collects In pipe where connexion used is smaller than 
pipe ; D, air lock caused by pipe raised at corner : trouble avoided by 

method E. 


Size smaller than the pipe had been 
inserted, as at C, Fig. 4, the top part of 
the pipe would be filled with air, which 
would reduce the flow. 

Where a lead pipe has to be carried 
along a boarded surface and then turn 
down over a right-angle corner, it is 
obvious that such pipe could not possibly 
be bent closely to the angle. The plumber 
might unthinkingly raise the pipe before 
the drop, as at D (Fig. 4), and thus cause 
severe air lock. The proper method is 
as shown at E (Fig. 4). 

So much trouble has arisen with side 
outgoes for feed pipes that some excellent 
authorities believe that the horizontal 
length should be one size larger than that 
for the vertical length. They also argue 
that, size for size, a feed pipe as shown at A 
(Fig. 4) gives a better flow than that shown 


in B. But the writer can- 
not agree that that is so. 
He has tried it out both 
ways repeatedly, and the 
vertical outgo showed no 
advantage whatever in the 
time taken to empty a 
cistern. The rate of dis- 
charge is governed by bore 
of pipe plus head of water 
minus frictional resist- 
ances. With these the same in each case 
it would seem that both pressure and flow 
at X (Fig. 4) are bound to be the same. 

Unlevel Floors. In some ill-con- 
structed houses circulation trouble has 
arisen because the plumber assumed that 
the upper floors would be level, whereas 
they had a pronounced inclination (in 
some cases as much as two inches). 
On such a floor the plumber, 
thinking he was giving his circu- 
lating pipes a rise of one inch, 
might actually be giving them one 
inch of fall, with resultant air 
lock. The moral is, “ Always use 
a spirit level." 

Many plumbers fail 
to realize that air lock 
always occurs at a high 
point of the pipe-line — 
not at a dip — ^and that 
a dip is as effective as 
an arch in causing air 
lock. This is shown 
clearly in Fig. 5. For 
this reason, when lead 
circulating pipes h/ive 
the space between the 
bridged " with boards 


to cross joists, 
joists must be 
to prevent sagging. 

Vent and Supply Pipes, 
has come across two 
cases — one thirty ^ 
years ago and one 
within recent years — 
where more than one 
plumber of long ex- 
perience had failed 
to solve a simple 
air lock trouble. The 
defect and the cme 
were the same in each 
instance, and are 
simply illustrated in 
Fig. 6. 

The pipe leaving the 
crown of the stor- 


The writer 


Cfstem 


Pot 

Storage 

\Cgttne/er 


Fig. 6. Air lock due to 
arch In lead pipe (dot- 
ted), caused by sllpoing 
of vertical pipe from 
original position A. 
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age cylinder was branched into a vertical 
pipe, the top part to act as a vent and the 
lower part as the main hot supply. As 
fixed originally the branch pipe presum- 
ably followed the solid line shown, with a 
definite rise to where it joined the vertical 
pipe. The vertical pipe, however, had 
slipped down until the 
branch took the line 
shown dotted, forming 
a trap for steam or air 
and stopping almost en- 
tirely the flow of water 
at the hot taps. When the 
pipe was raised to its 
original position there 
was no further trouble. 

On one occasion the 
writer's opinion was asked 
about the fixing of such 
pipes, which had been a 
subject of argument 
amongst craftsmen. The 
inquirer stated that he 
himseif always v iped 
three lugs on the vertical 
pipe ; one just below the branch joint and 
another at some distance on either side, 
screwing the lugs to a running board. 

Certainly a lug should be wiped on to 
the pipe just below the branch joint and 
screwed to maintain the pipe^ in position 
at the most vital point. But* above and 
below, the pipe should be secured with 
hard metal clips to keep it straiglit and 
yet allow expansion and contraction 
movements to take place without straining 
thg pipe or loosening the fixing screws. 

Cold Water From Hot Taps. This 
defect has occurred while the water in 
the storage cylinder was quite hot. The 
reason was that the expansion or vent 
pipe, turning over the cistern, was much 
longer than necessary. It had gradually 
fallen until the end was quite submerged. 
When a hot tap was opened the cold water 
was siphoned down the expansion pipe 
to the taps. Immediately the pipe end 
was raised, and shortened to pr^ ent 
recurrence, there was no further trouble. 

No Supply at Hot Taps. At the 

installation in a bungalow the users could 
draw no hot water. When a hot tap was 
opened, ^ter ran for a few seconds and 
then the flow ceased altogether. This 
trouble has been experienced often in 
self-contained flats, but need not occur 


anywhere. The material part of the layout 
was as shown in Fig. 7. When the bath 
tap is opened fully the level of water in the 
vent pipe falls much more quickly than 
^ does that in the cistern 
— so quickly, in fact, 
that after a few seconds 
Cistorn I air is drawn through the 
vent pipe and effectively 
A prevents hot water being 
drawn from the storage 
cylinder. 

In a bungalow the 
best remedy is to raise 
the height of the cold 
storage cistern in the 
roof space, but this can- 
not be done in a self- 
contained flat. For this 
latter case two remedies 
are available. The first 
is to put in a feed pipe 
one size larger than the 
main hot draw-off, pre- 
ferably with a trumpet- 
mouthed outgo, so that 
water wiU be replaced more quicUy than 
it can be drawn. The second remedy is 
to take the main hot draw-off from a 
lower point on the vent pipe, as shown in 
dotted lines in Fig. 7. 

Other methods are sometimes adopted, 
such as one-way valves on the vent pipe, 
but a vent pipe should i>e full bore through 
its entire length, with no obstruction 
whatv. * • 

Noisr ts in Boilers. Noises in back- 
boilers are generally caused through a 
boiler union protruding below the level of 
the boiler top, leaving an air pocket. A 
simple method of preventing such noises 
is to file a vee-shaped cut across the 
bottom end of the union, thus allowing 
the air to escape. It may be that the 
shape of the boiler itself leaves an air 
space which will cause such trouble. In 
that case the boiler should be drilled 
and tapped, and a small branch tube 
taken from the highest point of the boiler 
into the flow pipe. See further under 
Boiler: (8). 

The High Flow Connexion. The 

high flow cylinder connexion (Fig. 8) is 
now commonly adopted in preference 
to the older method, in which the 
flow connexion to the cylinder was 
made about 3 in. above the return 


Ouppfy 






Tok^ Supp/y / nt7/w 
Pot /?/ 3 tnsneae/ 
/‘rom pant A 
Cistern Connor 6e 
rased. 


HOT WATER 
SUPPLY : PROB- 
LEMS. Fig. 7. When 
water level in vent 
pipe lowers faster than 
that incistern, causing 
air to enter vent and 
block n^ain flow, cis- 
tern should be raised 
or hot ^water draw- 
off be taken from 
point B instead of A. 
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585 



HOT WATER SUPPLY: ( 6 ) PROBLEMS 



connexion. In the older method all the 
hot water coming up from the boiler 
through the flow pipe has to pass through 
the mass of cold water in the storage 
cylinder before going into storage ” at 
the crown, much of its heat 
being dissipated in the pro- 
cess. 

With the high flow con- 
nexion the hot water is de- 
livered near the crown of 
the cylinder, thus giving a 
small hot supply much 
more quickly. Experiments 
have shown that this method 
also heats up the whole 
cylinder content more 
(juickly than does the older 
one. 

Cylinders with high flow 
connexions were made' over 
forty years ago, but many 
plumbers refused to install 
them, which may seem 
strange in view of the ad- 
vantages already stated. 

It IS accepted as a general 
principle that short circula- 
tions give the best results, and the in- 
stallation shown in Fig. 8 is ideal in that 
respect. But in many of the large houses 
built half a century ago the bathroom and 
cylinder were at the opposite end of the 
house from the boiler, necessitating a long 
horizontal circulati<1n. 

In such cases the high flow connexion 
is not to be recommended : several in- 
stances have been encountered in which 
reversed circulation has occurred (see 
Fig. 9). Soon after the fire was lighted 
rumbling noises were heard and con- 
tinued until all the water in the boiler and 
cylinder became of approximately the 
same temperature and a state of com- 
parative equilibrium was reached. Then 

the circulation 

righted itself 
with a speciaUy 
loud rumble. 

The solution 
of this problem 
in one case was 
assisted by a 
chance remark 
of a tenant, viz. 

" this happens 
only when the 
water in the 


Hot 

Storage 

Cytmefor 


cylinder has remained hot or warm over- 
night while the water in the upstand of 
flow pipe, owing to its much smaller 
volume, has become quite cold.'' 

Taking a line through the crown of the 
cylinder and through the 
centre of the boiler, it will 
[ be seen that the flow column, 
which should be lighter than 
the return column of water, 
is under these conditions 
definitely the heavier of the 
two, and as water is heated 
in the boiler it takes the line 
of least resistance and flows 

8 uppuvM>ro£ “P the “ return ” pipe. 
LEM^ Fig. 8. The reversing circulation 

High flow cylinder , • i i • 

connexion deliver- Can be righted almost im- 

crown *'thiVpr" mediately by drawing water 
viding snriaii sur^ from the hot tap, the in- 

heatmg'*^ /nt??e Coming cold and denser 
" water from the feed pipe 

forcing water in boiler and 
flow pipe in the proper direction. 

This trouble may be encountered, with 
the high flow connexion, in an installation 
previously giving complete satisfaction 
if the storage cylinder has subsequently 
been insulated. A probable cure is to 
insulate the upstand of the flow pipe. 

Where long horizontal circulations are 
unavoidable, the writer suggests the 
adoption of so-called ** lazy '* pipe, 
which takes a short cut from the flow 
pipe direct into the expansion pipe (see 
Fig. 9a). 

With this method, even if the water 
in the cylinder has remained hot over- 
night, and the flow column (including the 
“ lazy " pipe) is colder and denser than 
the " return " column, the 
“ lazy " pipe does not oper- 
ate until the circulation has 


cylinder faster 
than by low con- 
nexion. 


FJg 9 


Fig. 0. Reversed circulation in system 
having high flow connexion and long 
horizontal circulation : caused by lower 
density of warm water in cylinder when 
that in flow pipe has become cold. Fig. 
9a (right). Remedy afforded by low flow 
connexion and ** lazy '* pipe taking short 
cut from flow imo expansion pipe. 



386 




HOUSING ACTS 


been started normally via the low-flow 
connexion. Once that has started, the 
hot water from the boiler gradually 
works its way through the “ lazy ” pipe 
and gives the quick, small hot supply. 

HOUSE. The requirements of the 
domestic house, as regards plumbing, 
roofwork, drajnage, sanitation, hot water 
supply, heating and ventilation, are 
covered in all the principal articles or 
groups througliout this work. Flats, on 
account of associated special considera- 
tions, are discussed under their own 
heading. See also Building Construction. 
For details of domestic engineering and 
sanitation refer to classified entries in 
the Index at the end of Vol. 3. 

HOUSING ACTS. The Housing 
Act, 1936, consolidates with minor amend- 
ments the provisions of a number of 
previous Acts which in the main it repeals. 
The Act is of importance to the sani- 
tarian, inasmuch as, among other things, 
it defin'*? “ sanitary defects ** wliich may 
render a Ikjusc unfit for human habita- 
tion and may result in its demolition if 
incapable of being remedied. Further, 
a definite standard of requirements in 
regard to .snuitary matters can be laid 
down in the by-laws which local authorities 
are empowered to make under the Act. 

By-Laws, Including Sanitary By- 
Laws. Thus under Section 0 of the Act 
By-Laws liave been made by the London 
County Council with respect to houses 
which are occupied, or are of a type miL- 
able for occupation, by persons of the 
wOi'king classes and let in lodgings or 
occupied by members of more than one 
family." These provide, among other 
things, for the provision of sinks or other 
efficient means of carrying off waste water 
from taps (13), while a duty is cast upon 
owners of lodging-houses to provide and 
maintain for the use of each family in the 
house, if possible on the story occupied 
by the famijy, water-closet accommodation 
and accommodation for washing clothes. 

Under Section 6 of* the Housing ‘ ct, 
1936, Model By-Laws, Series No. XIII, 
have also been issued by the Ministry of 
Health with respect to houses which are 
occupied, or are of a type suitable for 
occupation, by persons of the working 
classes. In accordance with By-Law 3, 
every owner of a house must provide (a) 
closet accommodation and (6) a supply 


of water for domestic use, adequate and 
readily accessible to the occupier. By 
By-Law 4, every owner must: (i) keep 
in good repair all means of drainage ; (ii) 
provide and maintain in connexion with 
every tap from which water may be drawn 
efficient means for carrying off any waste 
water from the tap ; and (v) provide every 
closet with efficient means of ventilation 
directly into the external air, and,- except 
where the closet is entered directly from 
the external air, with a window of an area 
of not less than 2 sq. ft., opening where 
practicable directly into the external air. 

The Housing Act of 1936, apart from 
its by-law-making provisions, is of par- 
ticular interest by reason of the powers 
conferred upon local authorities to deal 
with insanitary houses. Section 188 of 
the Act gives a definition of “ sanitary 
defects," and among them is the absence 
of an adequate and readily accessible 
water supply or sanitary accommodation 
or of other conveniences. 

Powers of Local Authorities. Local 
authorities are empowered under the Act 
to require the repair of an insanitary 
house (Section 9) or to order its demolition 
(Section 11). By Section 12 a closing 
order can be made as to part of a building. 
By Section 25 a local authority being 
satisfied that houses in an area in their 
district are, by reason of disrepair or 
sanitary defects (.s^?^ • above), unfit lor 
human habitation, can declare that area 
to be clearance area and apply the 
procedu. • contained in Part II of the Act. 
Briefly, after the local authority, as 
respcjts a clearance area, determine to 
order demolition of the buildings in the 
area they must make and submit to the 
Minister of Health an order (clearance 
order), ordering the demolition (Section 
26) in tl.e form prescribed by the Minister 
— Form No. 13 of the Housing Act 
[Forms] Regulations (S.R. & 0 ., 1937, 
No. 78). Before submitting the order to 
the Minister the local authority must 
publish in the local press notice in the 
prescribed form stating that the order 
has been made, and also serve a notice 
(Form No. 14 of the 1937 Regulations) 
on owners, lessees and occupiers of the 
property affected. The order is then 
submitted to the Minister, and if no 
objection is made by those upon whom 
notice is served, he will confirm it. In 
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any other case the Minister must hold a 
public local inquiry before confirming 
the order and consider any objections 
not withdrawn (Third Schedule). When 
a clearance order has become operative, 
the land to which the order applies can 
be used for building purposes, or other- 
wise developed only in accordance with 
any restrictions and conditions the local 
authority may impose (Section 26 [5]). — 
W. T. Creswell, K.C, 

H~PIECE. A hollow metal fitting 
designed to prevent stagnation in the 
flow of hot water, used on the secondary 
system of hot water supplies. A four- 
end piece is not unlike the capital H ; the 
three-end piece has a likeness? to the 
small h. The four-end piece fitting is used 
at the ends of the double towel rail where 
it promotes inter-circulation between the 
rails, thus transforming the towel rail in 
principle to a hot water cylinder. To 
obtain a somewhat similar action the 
H -piece is sometimes used on low pressure 
heating systems where the ** runs ** are 
laid in three pipes, the two top pipes 
acting as the flow. A uniform heat is 
maintained by introducing H-pieces to 
connect the two upper pipes, the bottom 
pipe being the return. 

The small h-piece is used in light copper 
tube installations. The secondary circula- 
tion is carried along below a range of 
lavatory bowls or to an isolated unit. The 
long leg of the h is fixed on the flow 
and the tail of the h forms the return. 

HUMIDITY, ATMOSPHERIC The 

humidity of air is the quantity of moisture 
in air in the form of aqueous vapour. 

Absolute humidity is the actual quantity 
of water vapour present, usually expressed 
in grains of moisture per pound, or per cu. 
ft. of air. Relative humidity is the ratio 
between the quantity of moisture actually 
present and the maximum amount of 
moisture that the temperature of the 
air would enable it to contain. The 
dew point of air is the temperature oorre- 
sponding to 100 per cent, relative humidity. 

In a manner somewhat similar to that of 
an absorbent substance, air will take up* 
moisture freely until it is saturated, its 
capacity for moisture increasing with 
temperature. For instance, air at 60® F. 
would be saturated by 77 grains of « 
moisture per pound. In normal, comfort- 
able surroun^ngs, air at that tempera- 
ture would contain about 46 grains/lb., 


corresponding to a relative humidity of 
, ^ X 100 say, 60 per cent. 

If air in that condition were cooled, it 
would eventually reach a temperature 
at which 46 grains of moisture per pound 
would mean saturation. In this instance, 
that would be 45® F., which would be the 
dew point ; any further lowering of tem- 
perature would cause the air to deposit 
some of the moisture in the form of dew. 

Air Conditioning. The reason for 
artifici^ humidification of air will be 
seen in heating air at 40® F. and 60 per 
cent, relative humidity to a temperature of 
60® F. The moisture present (absolute 
humidity) would be 21 giains/lb., which 
at the higher temperature would repre- 
sent only 27 per cent. R/H. That would be 
much too “ dry " for comfort, and would 
cause excessive dryness of skin and 
lips by too rapid evaporation of per- 
spiration. — J. W. Cowan, A,MJ.H,V.E. 

See Air Conditioning ; Kata Ther- 
mometer. 

HUMUS TANK. A chamber in which 
the suspended solids in the effluent from 
sewage filters are removed. In contact 
or percolating filters the putrescible 
matters are oxidized, and are purified by 
bacteria which live in the filter. The 
liquid leaving the filter contains waste 
matter from this biological life together 
with partly oxidized remnants of the 
origind sewage solids. Unless land treat- 
ment is given to this liquid, or the stream 
into which it is discharged affords adequate 
dilution, these solids should be removed in 
a humus tank. • 

Design and Construction. A humus 
tank should be constructed of brickwork 
in cement mortar, faced internally with 
a cement rendering, or be built ol good 
quality concrete. For small works a 
simple rectangular tank with a capacity 
equal to three or four hours of the flow 
in dry weather would be suitable. If 
possible the dry weather flow should be 
measured, and is approximately equal 
to the water consumption plus the ground 
water that leaks into the sewers. 

In urban areas where the sewers have 
been well constructed the dry weather 
flow is usually about 20 to 25 gal. per 
person per day. Therefore if the popula- 
tion served is 200 the capacity of the 

humus tank would be 200 X 20 x » 666 
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gal., or io6 cu. ft. The length should 
be three or four times the width, and the 
depth should be three or four feet. Thus 
the tank would be about 3 ft. 6 in. wide, 
10 ft. 6 in. long and 3 ft. deep at the 
outlet end. A scum board should be 
htted near the outlet end of the tank to 
prevent scum being carried away with 
the effluent. To facilitate removal of 
humus or sludge the floor of the tank 
should be given a longitudinal fall of about 


I in 10 to the inlet end, where a plug or 
valve, with handwheel outside the tank, 
should be fitted. 

Humus tanks with p3n:amidal bottoms 
are sometimes constructed, but are more 
costly. Humus or sludge should be re- 
moved every two or three days. — W. H. 
Hillier, M.Eng., AM Inst.C.E. 

See Filter : (i) ; Sewage Treatment. 

HYDRAULIC RAM. See Pumps and 
Rams. 


HYDRAULICS & HYDROSTATICS FOR PLUMBER 
AND HEATING ENGINEER 

By J. W. Cowan, A.M.I.H.V.E. 

Here are given simple explanations of certain scientific facts which the plumber and 
the student of heating must know for the intelligent understanding of their work. 

Hydraulics in simple outline are first considered. Hydrostatics being the subject 
of the second section. See also Drains: (I), Section E; H^ad of Water; 

Heating ; Pressure ; Pipe Sizing ; Water. 

1. ELEMENTARY THEORY OF HYDRAULICS 


HydrrvUcs is the science which treats 
of fluids in motion, especially the flow oi 
water in pipes. Calculation of the flow 
of water through pipes and the determina- 
tion of pipe sizes for specific duties have 
to a large extent been reduced to the use 
of formulae derived from experiment. At 
best, these are attempts to evaluate the 
resistances which tend to cjppose the 
motion of the water, and it is doubtful 
whether calculated results are ever more 
than approximately correct. Only in 
precise calculations is numerical expics 
sion given to the roughness of the pipe 
waU, but the over-size bores of mild steel 
tubes, and the great difference in capacity 
between one commercial pipe size and 
the next combine to render this omission 
comparatively unimportant . Generally, 
the formulae relate to smooth-surface, 
true-to-size tubes, such as lead and 
copper, and the excess of actual over 
nominal bore of mild steel pipe is taken as 
compensation for the rougher surface in 
contact with* water. 

Head or Pressure. . In hydraulics he 
governing factor is the head or pressure 
behind the moving column of water. This 
provides the motive energy of the move- 
ment, and may arise either from a head of 
water or from the propulsion of a pump. 
Other factors, such as size and length of 
pipe, roughness of surface, and changes in 
direction, combine to set up frictional 


resistance to the flow (see Friction). 
Hydraulic formulae endeavour to weigh 
these opposing forces one against the 
other and "to assess the probable results in 
terms of outflow. This is sometimes 
stated as velocity In feet per second but for 
the ease of application, discharge is more 
usually calculated in gallons per minute 
(g.p.m*.). 

Box’s Formula. Perhaps the best 
known hydraulic formula is that of Thos. 
Box, ac^'ording to which : 

H-i '<L and G = V <3?)^ 

when, H = loss of head in feet of water ; 

G = discharge in g.p.m. ; 

D = diameter of pipe in inches ; 

L = length of pipe in yards. 

In practice, however, the length of pipe 
and the available head of water are 
frequently determined by structural con- 
siderations, and leave only the size of pipe 
to be decided. By transposition of the 
above figures, it follows that : 



the formula from which many discharge 
tables and graphs have been calculated. 
Practical applications of this formula in 
, tabular form will be found in the article 
on Pipe Sizing. 

Application to Pipe Sizing. Given 
that the length (L) and the head (H) have 
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been decided by the positions of taps and 
the height of the building, it remains 
only to estimate a probable discharge (G) 
to enable the formula to be used. Both 
*' reasonable demand and “ simulta- 
neous demand " are discussed more fully 
under the heading Pipe Sizing, but for this 
example it may be assumed that the reason- 
able requirements of a small suburban 
house in gallons of water per minute 
would be : bath 5, basin 2, and sink 3, a 
total of 10 g.p.m. If that supply were re- 
quired in a cottage where the head above 
the taps was 10 ft., and length of pipe 
from storage tank to most distant tap was 
45 ft., the values required would be : 

H = lo ft.. G =: 10 g.p.m., and I = 15 yd. 

Thus, 

D = * X L . _ s / iQo X 15 

\/ M ■ ^ 10 

150 3 = 2*7 = 0*9 in. diameter. 


From this it would seem that a i in. 
diameter pipe would be ample to supply 
all three taps at once. It must be noted, 
however, that no allowance has been made 
for the resistance head (see Friction) of the 
bends, tecs and valves, etc. It i^nccessary 
now to add the “ equivalent length ” factor 
for each obstruction to the measured 
length of 15 yd., and to check the calcula- 
tion to ensure that a i-in. pipe will be 
sufficient for this duty. Where elbows 
were to be used, this might mean an 
equivalent length pf 24 ft. (8 i-in. elbows 
= 3 ft. each), and an addition of 8 yd. 
to the measured length of 15 yd. This 
would increase the length factor (L) to 23 
yd., and the revised calculation would be : 


D 




IQO X 23 
10 


-^3 



230 -r 3=3 -^3 = 
1 in. diameter 


showing that a i-in. pipe would be only 
just large enough to meet a simultaneous 
demand at these three taps, without the 
margin seemingly provided by the earlier 
figure of 0*9 in. In calculating the size 
of a long, complicated run, it is advisable 
to increase the measured length of pipe 
by from 30 to 50 per cent, in allowance 
for the local resistance of fittings in 
the initial calculation, but this does 
not overcome the need to check the 
approximation against the total resistance 
head. 

In practice, a pipe sizing table or 
chart is to be preferred to separate 
calculation of each pipe size, but before 
the tables can be used with safety it is 
necessary to understand the basic formulae 
from which they have been derived. 

In problems which do not involve an 
outflow of water the calculations are 
similar except that velocity of flow 
takes the place of discharge in gallons. 
The velocity must then be such as to 
ensure that the requisite quantity of 
hot water in pounds per hour (Ib./hr.) 
can pass freely to each point where heat 
is required. The same consideration 
must then be given to the motive energy 
available, and to the several forms of 
energy-consuming resistance to be en- 
countered by the flow. Resistance head 
becomes oj considerable moment when 
the total head available is, perhaps, only 
1*5 in. or less of water gauge — 12 in. 
w.g. (or I ft. of head) represents a 
maximum pressure of 0*433 lb. per sq. 
in. 

In Section E of the article Drains : (i) 
an account is given of the hydraulics of 
drainage with practical calculations. 


2. SIMPLE OUTLINE OF HYDROSTATICS 


Hydrostatics is the science which treats 
of the pressure and equilibrium of fluids, 
especially water, when at rest. The 
pressure exerted by a stationary body of 
water arises from the weight of the water 
and is known as static pressure. It is 
determined by the vertic^ height of the 
colunm, this being known as “ head," 
and by the density or compactness of 
the water. For general calculations the 
standard weight of water is taken as 
62*360 lb. per cu. ft., corresponding to a 
temperature of 62® F. This qualification 


is necessary because water expands and 
contracts with variation of temperature, 
and so becomes lighter or heavier, bulk 
for bulk, than a similar vblume at a 
different temperatjire. 

Water Exerts Pressure. It is of 
fundamental importance to note that a 
fluid at rest, whether liquid or gaseous, 
exerts pressure at right angles to any 
surface in contact with it, and that this 
thrust is exercised equally in all directions. 
It would be unreasonable to expect that 
the air pressure within an inflated ball 
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should be other than the same at any 
number of points on the spherical bladder. 
As will be seen, pressure due to a column 
of water acts in a similar manner against 
every part of the surface of the containing 
vessel. This analogy is not particularly 
apt, because the pressure of a gas arises 



HYDROSTATICS. Fig. 1. Water pressure : A. 

1 cu. ft. of water, exerting a pressure of 62*360 lb. 
on its base of 144 sq. in. ; B, column of water 12 in. 
high exerting a pressure of *433 lb. on its base of 
1 sq. in. 

from compression and a natural tendency 
to occupy a greater space ; water is 
virtually incompressible and can only^ 
transmit piesbure applied externally, or 
resulting from its own weight. 

Pressure Due to Head. Fig. ia 
represents a cubic foot of water weighing 
62*360 lb. This weight is supported by 
the base, and It will be seen that thv: 
area of the base is 144 sq. in. (12 in X 
12 in.). It follows that each square inch 
of base is sujiporting an equal share of 
the total weight and is, therefore, under 


increase, thus leaving the pressure in Ib./sq, 
in. constant at 0*433 for I foot of vertical 
height or '' head" Now, assume that the 
four columns are built up vertically, 
one above the other, on the base occupied 
by a .single column, and also that the ten 
columns are built up similiarly on another 
base. The total pressures would be 
1*732 lb. and 4*33 Ib. as before. On this 
occasion, however, the areas of the two 
bases would remain i .sq. in., so that the 
pressures exerted by the columns would* 
be 1*732 Ib./sq. in. and 4*33 Ib./sq. in., 
due, respectively, to 4 ft. and 10 ft. of 
“ head — or just 0*433 Ib./sq. in. per foot 
of vertical htught. 

Fig. 2 shows two o|)en-top tanks 
connected to a somewhat im|)robable 
arrangement of pipes ; also a length of J in. 
diameter pipe ; all are full of water and 
all outlets plugged. The pressures at 
the points indicated by the alphabetical 
indices would be : 

A and C = 21-65 Ib/sq. B, Ci and IT 
17-32 lb. s(|./in. 

D and 1 *' = 12-99 Ib./sq. in. K 8-66 
Ib./sq. in. ; J — 25-98 lb./.s(i. in. 

In each* case the vertical height or 
head of water determines the pressure, 
irrespective of the size of tank or jiipe, or 
length of pipe. The total pressures at 
these points would be calculated by 
multiplying the respective pressures per 
unit area by the areas of the bases or 
plugs (in square inches^‘ in contact witli 


a pressure of • = 0*433 
144 

lb. In other words, one 
foot of “head” or vertical 
heiglit of water will exert 
a pressure of 0*433 lb. 
per sq, in. 

Fig. iBrepresents a column 
of water mea.suring i in. x 
lin. X 12 in. high, weighing 
0*433 lb., and causing a 
pressure of 0*433 lb. sq. in. 
at its base. If four such 
columns wepe placed side 
by side, the total weight 
and pressure would * be 
increased fourfold : 0*433 X 4 
= 1*732 lb. If ten columns 
were so placed, the increase 
would be tenfold : 0*433 X 
10 = 4*33 lb., but in both 
cases the bases would have 
undergone a proportionate 


Vetter 





Fig. 2. Pressure exerted by head of water: for each 
lettered point pressure is calculated by vertical height 
(in feet) multiplied by 0*433 (Ib.'sq. in.). 
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water. For example, the area of a J-in. 
pipe is 0-1963 sq. in., and that of a 6-in. 
pipe, 28-274 sq. in. The total pressures 
at points A and B in Fig. 2 are therefore : 

A =a 21*65. X 0-1963 — 4 25 lb. 

B = 17*32 X 28 274 =s 489*7 lb. 

Static pressure arises from a natural 
tendency of water to “ rise to its own 
level,” as it does in both 
legs of an open-ended U- 
tube. When a plug or other 
obstruction prevents such 
a state of equilibrium, the 
obstruction is necessarily [ m 

subjected to the pressure 1 m 

exerted by the difference ^ 

in height between the I ^ 

opposing columns. The j m 

reservoir of a town supply ^ 

and a domestic tap or ball j 
valve may be regarded as 
the opposite ends of a || 

U-tube. The tap or ball 23W 
valve is always under the I || 

pressure caused by the | ^ 

difference in height: this 1 ^ 

may be expressed either as I || 

a pressure, say, 39 lb. per # I ^ 
sq. in., or directly as a * & 

height, as 90 ft. head. The 1 

U-tube analogy is of great I 

practical importance in I ^ ^ 

central heating and water j ^ 
supply problems. i^drostatics. 




difference would require a difference in 
level of 1/23 of the height of the cold 
colunm. This seeming lack of balance is 
seen in Fig. 3, in which it is assumed that 
there is no intermixing of the hot and 
cold water. 

In practice, the height of the cold leg 
(cold feed pipe) might be more nearly 
23 ft., in which case water 
at 212® F. in the hot leg 
(flow and vent pipes) would 

^ stand at a height of i ft. 

(1 f instead of r in. above the 

III I level of the water in the 

II [ cold tank. To ensure that 

^ vent pipes shall not dis- 

charge water even under 
^ excessive firing, the frac- 

^ tion 1/23 is taken as 1/24 

(or as J in. per foot) and is 
I doubled to give i in. per 
^ 2 / 2 ^ foot of height between tank 
^ 24 in. boiler as the safe 

^ I height to which a vent pipe 

^ j should extend above a cold 

* ^ feed or storage tank. {See 

II also Hot Water.) 

IP Transmission of Pres- 

^ sure. It should also be 

P understood that water can 

transmit pressure, in addi- 
' tion to exerting that force 
4 by reason of weight. Fig. 4 


supply problems. h7dro8Tatic8. fi.. a? EfTecrof dif- shows three differently 

Effect of Difference ference in density: 24-in. column of shaped VeSSelS of equal base 
• c r Ai- water at 212®F. balancing 23-in. ^ tt j • • i i. j 

in Density. So far these column of water at 39 -i*’f. because area. Under a similar head, 
notes have dealt with cold we(gh«*of1h.*coid.r'water!'^*^“™ the pressures on the bases 
water of equal density would be equal. The 

throughout. In hot water pipework a volumes of water contained have^^ no 
greater height of warm water is required bearing upon the pressures exerted" on 
to balance the pressure arising from a the bases. In each case the pressure 
lesser height of cold water, because of transmitted by head must be 0*433 lb. 

the higher temperature and, therefore, per square Inch of base per foot of vertical 

lesser density of the warmer water. From height, without regard to volume or total 

the fact that water expands 1/23 of its weight of the water. It may be noted 
volume at maximum density (39*1® F.) that the total pressures on the bases of 
when heated to 212® F., it follows that a the narrow-top vessels would exceed the 

state of equilibrium with that temperature total weight of the water. In the wide- 

I — / u top centre vessel some part of the 

/ \ \ / weight of the water would be sup- 

/ \ \ / ported by the outward sloping sides, 

/ \ \ I pressure on the base 

/ \ \ / would, therefore, be less than the 

/ \ \ I \ weight of the water. 

/ \ \ j ^ Pressure in :Boiler Due to 

Fig. A Traniminion of preMur. : thre. v.w.liofdlfr.r.nt*h.p. of^yeter. The hydrOStatiC 

but having M|ual baM area, and the earn, water laval M thit laW, that preSSUTe IS exetted equally 
the preteure on the bate of each of the three veesele la the tame • n x- « a ^ 

(•ee Fig. 5 for application of the principle to a boiler). m £Ul QirCCtlOnS m&y 06 nOtCQ uOm 
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HYDROSTATICS 
Fig. 5. Pressure in 
boiler due to head of 
water exerted equally 
in all directions, based 
on the principle of 
pressure transmission 
shown in Fig. 4 (for 
calculations, set text). 


Fig. 5 which shows a 

boiler connected to an 
open-top tank situated 
at a height of 50 ft. 
above it, the whole being 
full of water. 

If it is assumed that a 
dozen pressure gauges are 
connected to that number 
of tappings through the 
top plate of the boiler, | 
each of the twelve gauges 
would necessarily register j 
a pressure of 2i'65 lb. ' 
per sq. in. (0*433 X 50). 

Similarly any number of 
gauges mounted on the 
shell of the boiler on a 
circumferential line at 
A— A would all give a 
reading of 22-3 lb. per sq 
in (0*433 X 51*5) because 
at that depth below the 
level of water in the tank 
each sq -cire inch of 
cylindrical shell would be 
subject to a thrust of 
22*3 lb. 

To calculate the total 
internal pressure within 
such a boiler, 22*3 lb. 
may be taken as the 
mean pressure per square 
inch, and multiplied by 
area of the interior of the 
boiler in square inches — 
i.e. the area of the cylindrical shell plus 
the areas of the top ancl bottom. Assuming 
a filain cylinder without firebox having 
internal dimensions of 36 in. high anil 
18 in. diameter, the total pressure 
would approximate 25 tons, 6 cwt., 

37 lb., although the total weight 
of water supported by the base 
would not exceed 335 lb. It is 
for this reason that standard speci- 
fications prohibit the use of cast- 
iron boilers jvhen the static head 
exceeds 120 ft. (52 lb. per sq. in.), 

Hydrostatic pressure* is merely 
the “thrust" arising from the 
intensity of pressure within the 
liquid which, being unable to 
absorb the. applied force, must 
transmit whatever load there may 
be equally to every part of the 
surfaces which support and enclose 
the liquid. 


\meh ptp* 



The Hydraulic Press. 

Fig. 6 shows the principle 
employed in a “ Bramah " 
or hydraulic press, 
namely, the transmission 
of fluid pressure. Each 
cylinder is fitted with a 
watertight piston in con- 
tact with the water. If 
the area of the. larger 
cylinder is 100 times, 

greater than that of the 
smaller, it follows from 
the earlier paragraphs 
that a weight (or pressure 
applied by pump) of i lb. 
on the small piston would 
balance a weight of 100 lb. 
on the larger. In both 
cylinders the pressure In 
pounds per square Inch 
would be the same, but 
there would necessarily 
be a hundredfold greater 
total pressure under the 
larger piston because of 
the hundredfold greater 
area. Similarly, a pressure 
of I lb. on the small 
piston would lift a weight 
of 99 lb. on the larger 

because of the trans- 

mission of equal fluid 
pressure (in lb. i)er sq. in.) 
between the cylinders. 
Conversely, it would 

require ' weight exceeding 100 lb. on the 

bigger p )ton to raise i lb, on the other. 

(Friction, etc., is neglected.) 

I Because of the seeming absurdity 
of these claims this is 
called the hydrostatic 
p a radox and is 
analogous to the “ me- 
chanical advantage " 


vocupieatMt paamf. 
The pressure of miUr 
forces the' 
leatheragaittsisides 
ofrvmondej^er. 
andsomintaha waur 
Lghtjojniasihoram 
Moihs ihandom 


Bramah" hydraulic press: A, 
for ram (B) ; D, piston and 
cylinder of pump. 




593 



HYDRAULICS & HYDROSTATICS 


obtained by a lever, as shown in Fig. 7. 
The ratio of the area of the two cylinders 
determines the mechanical advantage of 
a hydraulic press ; that of a lever may be 
^ , j Length of arm of effort 

stated as : * r— 

T^ength of arm of resistance. 

This is shown in the diagram as J. so 
that the advantage of a 72-in. lever in 
that position would be 
“5 times the applied 
force" — just as that of — 
the cylinders seen in I 
Fig. 6 is " xioo." It T 
will be seen from Fig. 7 
that a force of 50 lb., hydrostatics 

as might be applied by eo“*arr ‘“fluid p?e 
a normal man to the Fig. 6 ): force of 1 11 

If.! 1 to 5 ft. arm would 

upper end of the lever. 5 ib. weight attache. 

could lift a weight of “ '®''*;amT'on'’'bo7h‘ 
250 lb., and that by 
shortening the lower end of the lever to () in. 
(5 ft. 6 in. to 6 in. = ii) the same pressure 
would raise 550 lb. It is this principle that 
is employed when the " purchase " of a 
pipe wrench is increased by using a length 
of mild steel pipe to extend the handle— 
and frec|iiently, to break the wrench I 

Returning to the hydraulic press, it will 
be seen that by suitable adjustment of tlie 
relative areas of the cylinders the multipli- 
cation of the applied force could be in- 
creased to astronomical proportions. In 
moderate figures, a small cylinder of { in. 
diameter coupled to a large one measuring 
36 in. across woiikl provide a inechanicar 
advantage of 20,736 times the applied 
force, so that i oz. would balance a load 
of II cwt. 64 lb. It would be necessary, 
of course, as with the boiler in Fig. 5. 
to ensure that the walls of the cylinders 
could witliMtand the enormous total pres- 
sure, a fact which in some degree limits 
the practical application of this tempting 
source of power. 


HYDROSTATICS. Fig. /. A 
“ Mechanical advantage " / \ p— *- 

compare to fluid pressure (see / \ KV, 

Fig. 6): force of 1 Ib. applied / \ ‘ 

to 5 ft. arm would balance * ' 

5 Ib. weight attached to 1 ft. arm. Force 
X lever arm, and resistance X lever are the 
same on both sides of fulcrum. 


the lever operating the small piston would 
be raised and lowered as often as was 
necessary to pump sufficient water under 
the large piston or “ ram ” to give the 
desired lift. 

Hydraulic Jack. That is exactly what 
happens within the casing of a hydraulic 
jack. Water is pumped from a cistern 
under the " table ” to 
the bottom of the casing 
and under the “ ram " 
supporting the table; 
both ram and table rise 
in proportion to the 
Fig. /. K I quantity of water dis- 
/ \ placed by the plunger, 

applied J ^ ^ ^ In a small jack the dia- 
to“rft. arm. Force mCtcrS of thc plunger 

d« V^errm."* and ram might be i in. 

and 5 in., providing a 
ratio of 25 to i. To this would be added 
the mechanical advantage of thc ratio of 
thc travels of the lever handle and pump 
plunger. 

Assuming this to be t 8 to i. tlie com- 
bined advantages of ram and lever would be 
450 (-25 X 18). With a normal pressure of 
50 lb. on the handle, it wall be seen that 
by operating thc lever a man could exert a 
theoretical lifting pressun^ of fully 10 
tons : (450 X 50 = 22,500 lb.). Fi iction 
might reduce thc actual efficiency to per- 
haps 80 per cent, of the theoretical, or 
to just over 8 tons; but only a very slight 
adjustment of these ratios would be 
necessary to i)rovide an actual lifting 
capacity of 10 tons. 

Larger jacks used for baling scrap tin- 
plate, wastepaper and cotton, etc., soirio- 
times exceed 100 tons capacity from a 
pressure of perhaps 100 lb. on the handle, 
a mechanical advantage of 2,240, but 
that size might have more than one rarn 
under the table. The smaller portable 


It should be noted that, whatever the 
gain in pressure, there is no corresponding 
multiplication of the height of travel of 
the opposing pistons. For instance, re- 
ferring again to Fig. 6, if the smaller 
piston is forced down i in., only i cu. in. 
of water will be displaced and forced into 
the large cylinder. This volume spread 
over a hundredfold greater area can only 
raise the large piston i/ioo of the travel 
of the small piston, namely i/ioo in. In 
practice, an arrangement of check valves 
similar to those of a pump would prevent 
water from leaving the large cylinder, and 


jacks (using oil instead of water) used in 
garages commonly range from 2 to 5 tons. 

Fig 8 shows the Staffa ” hvdrauiic 
pipe bending machine which combines 
a lever advantage or “ purclwise " of 18 
to I with a 2-stage hydraulic system to 
produce a total mechanical and hydraulic 
advantage of x 288 (i.e. 288 to i). The 
cross sectional area of the horizontal ram 
compares with the combined areas of 
two lever-operated pistons of the low 
pressure stage as 4 to i, and with that of 
thc smaller piston alone of the high 
pressure stage as 16 to i. These ratios 
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together with the lever produce an 
effective advantage of x 72 (18 X 4) 
during low pressure, and X 288 (18 X 16) 
in the high pressure stage. The larger of the 
two pistons cuts out automatically at a 
predetermined internal pressure. This 
increases the hydraulic advantage four- 
fold and proportionately decreases 
both the volume of oil pumped to 
the ram cylinder, and 
the rate of forward ^ 
travel of the ram. ^ 

Hydraulic Brakes. , ^ 

A further application ol ! 

this principle is seen in ' 

the hydraulic brakes of 

a motor-car, in several 

ol which the liquid used 

IS composed largely of hydraulic pipe bendii 

glycerine and water. Ca“or5;i?l,.*on‘fc"ve?: 
In these, instead of in- horizontal ram. a 

creasing the area of the ram, it is more 
usual to provide a greater number ol 
rams or {pistons in what would otherwise 
be tl: : f. ^ •''vlinder. • 

In the case of the " Lockheed brake, 
one plunger, about i in. diameter, in a 
master cylinder is depressed by the brake 
pedal, and is in direct hydraulic com- 
munication with four wfieel cylinders 
(inside the brake drums) each containing 
two pistons or rams of approximately 
the same size, which operate the brake 
shoes. 


HYDROSTATICS. 

Fig. 8. “StafTa** 

hydraulic pipe bending machine providing 
mechanical advantage of x 288 ; a normaf 
load of 25 lb. on lever exerts a lotid of 7,200 lb. 
on horizontal ram. comm rcial struclura. Ltd. 


intensifier which, in turn, may be fed 
with high pressure water from a hydraulic 
main. In large industrial towns mains 
water is available for industry at pressures 
up to i,6oo lb. per 
sq. in. By these means 
hydraulic forging presses 
up to 4,000 tons capacity 
are very commonly ern- 
^ ployed, and con.siderably 
heavier presses are iu 
everyday use for a 
variety of purposes. 

^ HYDROCARBONS. 

X '« Chemical compounds 

^ containing hydrogen 

_ and carbon only. For 

indu.strial purposes the 

machine providing clucf motliods of obtaiu- 
)f X 288 ; a normal i i i 

rts a load of 7,200 lb, iHg liydrocai bons are 
m rcial structurcM. Ltd. dcstructivc or dry 

distillation of certain organic substances, 
especially coal and petroleum, but they 
occur also in other sources such as natural 
gas, turpentiiK^, and some essential oils. 
The hydrocarbons are of fundamental 
imi^ortance in the study of organic 
clKMnistr^ and form tht; basis or main 
constituents of an enormous numbcT of 
substances used in industry and medicine. 
In the fuel.s — solid, oil, and gaseous — 
they are the predominating compounds. 
(See the Table in pa^c 596.) All hydro- 
carbons have certain characteristics in 


Bearing in mind the exertion of an 
equal pressure in all directions from 
h'ig. 5, these eight pistons must exert a 
total pressure of eight tini(‘s that applied 
to* the plunger. To this ratio of 8 to i 
must be added tlie leverage of the pedal 
lever, probably 5 to i. This represents a 
mechanical advantage of 40 (8 X 5). 
Assuming a normal pressure of too lb. on 
the pedal, the pressure on four wheels so 
braked would be 4,000 lb. A maximum 
emergency load of perhaps 150 lb. on the 
pedal would increase the retarding force 
t>y 50 per %ent. to 6,000 lb. 

Hydraulic presses arc gradually sup- 
planting the steam hciminer in the pro- 
duction of heavy forgings, and hydraulic 
machinery is used extensively for heavy 
cranes, hoists and caj)stans, etc., and for 
stamping and riveting. These larger units 
are not, of course, hand operated. The- 
control lever merely opens a valve which 
connects the mechanism with a high 
pressure water supply from a pressure 


common ; they are ciTmbustible, neutral, 
and ni.iy be decoin pi ).sed into their con- 
stituen' ek*inents by the application of 
varying .egrees of heat. 

In theory the hydrocarbons are inlinitc 
in number because of the way by w'hich 
the In^drogcai and carl)on atoms combine, 
and a great many of these combinatitms 
are known. I'hey are classified in the 
first place by the arrangement (^f their 
carbon atoms and may be in the form of 
gases, liquids, or solids. 

The sinii)lest of the hydrocarbons are 
the gases : fi)r example, methane (CH4) 
ethylene jHJ, ethane (CoHg), and 
acetylene (C.^H2)- h^thylene and methane 
are constituents of natural gas, and 
methane of firedamp. 

In the group of hydrocarbons to whicli 
methane and ethane belong, known as the 
“ paraffins,'' are also found certain liquids 
and solids. The crude oil obtained in great 
quantities from the United States, Galicia, 
Persia, Mesopotamia, and other places is 
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for the most .part a mixture of these 
hydrocarbons. When distilled they pro- 
duce petroleum, naphtha, and many oils 
used for fuel, illumination, and lubrication ; 
while further refining of the residue 
provides vaseline, paraffin wax, and many 
chemicals of great value. An important 
liquid hydrocarbon not belonging to the 
paraffin series is benzene (C^H^), the 
‘'parent hydrocarbon" of the so-called 
" aromatic group." 

Solid hydrocarbons are found in coal 
and some in coke, although coke is 
largely composed of separated carbon, 
the volatiles having been driven off dur- 
ing distillation. During combustion the 
hydrogen present combines with oxygen, 
giving off heat and forming water, while 
the carbon forms carbon monoxide (CO) 
or carbon dioxide (COj). For fuel purposes 


the carbon content of the coal is of chief 
importance, and as coal becomes more 
mature — as it approaches anthracite in 
form — the carbon percentage increases 
and the hydrogen percentage decreases. 

As the coal burns, some of the volatile 
hydrocarbons are " consumed " and some 
are given off as smoke. The presence of 
smoke therefore indicates that there are 
incombustible gases present or that the 
carbon content of the coal has been in- 
completely used up. In the best anthr^a- 
cite and under satisfactory condition.^ all 
the carbon combines with oxygen, so that 
fumes of carbon monoxide and carbon 
dioxide are given off, but there is no 
smoke. 

Since coke is largely composed of 
carbon (practically all the hydrogen and 
other gases in the original coal having 
been driven off during distillation), it also 
bums without smoke.— £. K. Penn, M.A, 

See Fuel. 


HYDROGEN (H). A colourless, odour- 
less, non-poisonous gas. Owing to the readi- 
ness of hydrogen to combine with other 
substances the gas often contains impurities 
which give it an odour and may make it 
unhealthy to plants and animus. It is 
slightly soluble in water and somewhat 
more so in alcohol. Hydrogen is the lightest 
of all the gases, having a density of 
0-0000895682, and when related to air 
(air=i) its specific gravity is -069 at 32® F. 
and under atmospheric pressure. In the 
calculation of the specific gravities of 
various gases hydrogen is sometimes taken 
as i-oo, since it is the lightest (see Density). 
At a very low temperature and under 
moderate pressure it can be liquefied. 

Hydrogen will not support combustion, 
but it bums readily with a very hot, pale 
blue, non-luminous flame. When in con- 
tact with air or oxygen hy- 
drogen gas explodes readily 
on account of the rapidity 
with which it combines, 
especially if the volume of 
oxygen present is one-half 
that of the hydrogen. 

In general hydrogen has 
many of the same properties 
as the metals and combines 
with the same elements, 
forming acids. It combines 
directly with most non- 
metals and with a number 
of metals, and during 
the process of combination with oxy- 
gen, fluorine, and bromine much heat 
is given off. Combined with oxygen, 
hydrogen forms water (H^O) and hydlo- 
gen peroxide (HgOj), the latter being a 
bleaching agent and an antiseptic. Com- 
bined with nitrogen, hydrogen forms 
ammonia (NHg); with chlorine, hydro- 
chloric acid (HCl). A compound of 
hydrogen, hydrogen cyanide or prussic 
acid gas, is used for fumigation to kill 
vermin. By far the most important group 
of hydrogen compounds, howeyer, are the 
hydrocarbons (which see), including solid, 
liquid, and gaseous fuels. See Acid ; 
Hydrocarbons. 

HYGROSTAT. Apparatus for the 
automatic control of humidity conditions in 
a building. As explained under the heading 
Air Conditioning, comfortable conditions 
depend a great deal upon the degree of 
humidity of the atmosphere, and the 
apparatus in question is devised to enable 


Hydrocarbons in Fuels 


Fuel 

Carbon 

Volatiles 

Hydrogen (H) 
and Methane 
.(CHJ 

Anthracite . . 

85%-90% 

3%-8% 

3-5%-3-9% (H) 

Semi<anthracite . . 

About 78 % 

Aly)ut 15 % 

About 4 % 

Bituminous coal . . 
Semi - bitumin- 

50%-70% 

20 %- 40 % 

About 5 % (H) 

ous coal . . 

About 65 % 

i 6%-26% 

About 5 % (H) 

Peat and lignite . . 

5t>%-7o% 

About 50 % 

5%-7% (H) 

Coke 

75%-85% 

— 


Oil 

85 % 

— 

io%-i5% (H) 

Coal Gas 


4% 

40%-50% (H) : 
*#%-35% (CH 4 ) 
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those conditions to be controlled. The 
hygrostat works on the compressed air 
principle. A hygroscopic (moisture-indi- 
cating) element in the mechanism acts 
upon an air-leak valve in the control line 
and thus alters the position of a valve or 
damper in the air line. 

•E.E. REGULATIONS. All electrical 
installations in this country must 
comply with certain regulations made 
by various authorities, the object of which 
is to protect life and property. The 
earliest regulations of this kind were issued 
by the Board of Trade, but these have been 
superseded by those issued by other 
authorities, which between them cover the 
whole field of electrical work, from factory 
to mine. The regulations issued by the 
various authorities overlap as little as 
possible. 

ITie regulations which cover the wiring 
of every type of dwelling house, business 
premise*^, public buildings and factory are 
issued by The Institution of Electrictfl 
Engineers under the title of Regulations 
for the Electrical Equipment of Buildings 
(obtainable from the offices of The In- 
stitution of Electrical Engineers, Savoy 
Place, Victoria Embankment, Londcii, 
W.C.2, price 3s. qd. post free). These are 
commonly referred to as the I.E.E. 
Regs." or the " Wiring Regs."* 

Unlike most of the other regulations 
referred to, they have no statutory au- 
thority (i.e. they arc not enforceable hy 
law). But, nevertheless, they have con- 
siderable force, because, where “compliance 
with the Regulations which are current 
for the time being and which have been 
approved by the Minister of Fuel and 
Power can be proved in relation to a con- 
sumer's installation, that installation is 
deemed to fulfil the requirements of 
Regulations 25, 27, 28., 29 and 31 of the 
Electricity Supply Regulations, 1937." On 
the other hand, a supply authority (e.g. 
Area Boar^ of the British Electricity 
Authority) may refusq to connect an 
installation unless it complies with the 
Regulations. Moreover, many fire insur- 
ance companies insist on installations being 
in accordance with the Regulations as a 
condition of their policies. 

The current (1952) edition is the 12th, 
published May, 1951. In the preparation 
of this edition, the Regulations as a whole 


were completely reviewed and recast, 
though the 1946 Supplement and Revised 
Section 8 have beeji incorporated with 
little change. 

Two of the most far-reaching of the changes 
introduced by the 1946 Supplement were 

(1) the sanctioning of the ring main for use in 
domestic installations in conjunction with 
13-amp. socket outlets and fused plugs. In a 
ring main both ends of one conductor are con- 
nected to the same fuse terminal, and both of the 
other to the neutral link, so that the circuit i$ 
fed from both ends (see Reg. 201 (C), quoted 
in page 597A). 

(2) Single-pole fusing, which forbids a fuse, or 
non-linked switch or circuit-breaker being 
inserted in a neutral, middle wire or common 
return conductor connected permanently to 
earth. 

The Codes of Practice issued by the 
British Standards Institution are supple- 
mentary to the Regulations, and select 
one from a number of approved methods 
and recommend it as the preferred 
practice. 

The main body of the Regulations is 
divided into 14 Sections, under the fol- 
lowing headings : 

Section — The Control and Distribution of 

Supply. 

Section 2. — The Arrangement ot Final Sub- 
Circuits, and application of Diversity thereto. 

Section 3. — The Installing of Conductors and 
Cables (General). 

Section 4. — The Installation of Conductors and 
Cables (Methods of Wiring). 

Section 5. — Temporary Installations. 

Section 6. — The Installing of Accessories and 
Lighting, ’’';ttings. 

Sectioi- — ^The Installing of Current-using 
Appliance, (including Rotating Electrical Ma- 
chines). 

Section 8. — The Installing of Electric Discharge 
Lamps (General). 

Section q. — T he Installing of Electric Discharge 
Lamps (High Voltage). 

Section 10. — Earthing. 

Section 11. — The Testing of Installations. 

Section 12. — The Installing of Private Gener- 
ating Plant and Secondary Batteries. 

Section 13. Requirements in regard to the 
Design and Construction of Electrical Apparatus 
(including Ca^ - rs). 

In addition there are four appendices : 

Appendix 1. List of British Standards re- 
ferred to in the Regulations. 

Appendix 2. British Standard Graphical 
Symbols for Interior Electrical Installations. 

Appendix 3. Correction Factors for Current 
Ratings for Single Core Cables. 

Appendix 4 Regulations for Earthing to 
Water Mains. 
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To illustrate the nature of the Regula- 
tions, extracts are given from Sections 2 
and 4. 

Section 2. The Arrangement of Final 
Sub-Circuits 

Regitlation 201. (A) l{v"LTy final sub-circuit 
shall be connected to a separate way in a dis- 
tribution fuseboard, provided that where there 
is only one such sub-circuit it may be directly 
connected to the main switchgear. 

Note. — The use of a fuse in a plug or in a socket- 
outlet adaptor dot^s not obviate the necessity of 
complying with Regulation 201 (.A). 

(B) A final sub-circuit having a rated capacity 
not exceeding 15 amperes may supply an un- 
limited number of points provided that : — 

(i) the aggregate rating of the points does not 
e.\ceed the currt?nt rating of the cable . 

(ii) in installations in privcAc bouses or 
residential fiats there shall be at least one final 
sub-circuil for lighting, apart from socket- 
t)Utlets, for each 1,000 sq. ft. of floor area, or 
part thereof ; and 

(iii) the protection of flexible cords connected 
to the circuit complies with Regulation 202. 

Note i. — R egulations 506 and 807 contain special 
requirements for linal sub-circuits in tcfnpor.iry 
installations and electric-discharge-lainp installations 
respectively. 

Note 2.— In the interests of good planning, undue 
use sboukl not be made of the provision that an 
unlimited number of points may be supplied by a 
single filial sub-circuit. •- 

(C) A final sub-circuit having a rated capacity 
exceeding 15 amperes shall not supply more than 
one point except as specifically permitted in the 
following exemptions (i) to (iv). These ex- 
emptions apply to installations in private 
houses or residential flats and to other installa- 
tions where the application of a diversity factor 
can be justified, ami^iii which all connexion of' 
appliances to the circuits is cither by means of 
fused plugs, or in accordance with clause (D) 
below. The application of the.se exemptions is 
restricted to the circuits and conditions described 
therein. 

Exemptions : — (i) A final sub-circuit having 
conductors of not less than 0'00,]5 sq. in. cross- 
sectional area (7/’02q in.) or (0-003 .sq. in. in 
the case of mineral-insulated metal-shealhod 
cable) and protected by a fuse having a current 
rating not exceeding 20 amperes may .serve 
two socket-outlets each of 13-ampere rating. 

(ii) A final sub-circuit having conductors 
of not le.ss than 0-007 sq. in. cross-sectional area 
(7/-036 in.) (or 0-0045 .sq. in. in the case of 
mineral-insulated metal-sin-athed cable' and 
protected by a fuse having a current lating 
not exceeding 30 amperes may serve not more 
than six s<icket-outlets each of 13-amperc 
rating. 

(iii) A final sub-circuit having conductors 
of not less than 0-0045 sq. in, cro.ss-sectional 
area (y/’ozq in.) (or 0-003 sq. in. in the case of 
mineral -insulated metal -sheathed cables) in 
the form of a ring buih ends of which are 
brought into the terminal of a fuse having a 
rating not exceeding 30 amperes may serve 
not more than ten socket-outlets of 13-ainpere 
rating ; provided that in small houses or 


residential flats having a floor area not ex- 
ceeding 1,000 sq. ft. the number of such 
socket-outlets served by such a ring circuit 
shall not be restricted. 

(iv) It is permissible to take spurs from such 
a ring circuit as is described in (iii) above to 
outlying socket-outlets without intermediate 
fu.sing, provided that tht' branch conductors 
are not of smaller cross-sectional area than 
those forming the ring, that each spur does 
not serve more than two such socket-outlets, 
that the aggregate number of .socket-outlets 
served by spurs from any individual ring- 
circuit does not exceed the number served 
directly by the ring-circuit and that the maxi- 
mum number of socket-outlets served by any 
such ring-circuit and associated spurs together 
does not exceetl that permitted in (iii) aliove. 

(D) Fixed appliances may be fed from any of 
the sub-circuits permitted under the exemptions 
(i) to (iv) in clause (C) above, provided they are 
fed through fuses of appropriate current-rating 
mounted adjacent to the appliance, and that 
the sum of the ratings of all such appliances fed 
from a single final sub-circuit does not exceetl 
15 amperes. Where the number of socket - 
outlets permissible, under the exemptions is 
limited, for every fixed appliance so connected 
the pt rmissible number shall be diminished by 
one. 

0 

Section 4. Installing of Conductors and Cables 

Tough-rubber — or P.V,C. — sheathed cables 
Regul.\tion 404. Viilcanized-rubber- or 
p.v.c. -insulated cables with tough -rubber or 
p.v.c. sheathing complying with the require- 
ments of Regulation 130O may be used without 
. further protection of casing or conrluit, provided 
that the requirements of the following clauses 

(A) to (J) are complied with ; — 

(A) Where the cables are installed in a .situation 
in which they may be exposed to direct sunlight 
they shall, if tough-rubber-shealhed, be provided 
with a special protective covering. If this pro- 
tective covering is incorporated in the cable 
during manufacture it shall be in the form of a 
braid, but if applied subsequently it shall be a 
treated tape. 

Note. — For the purposes of clause (A), sunlight 
which has passed through ordinary window-glass is 
deemed not to be direct sunlight. 

(B) The cables .shall be prevented by spc'icing, 
insulation, or other means, from coming into 
contact, under any conditions of service, with 
gas pipes or non-earthed metalwork other than 
metal cleats, saddles, etc., used to support the 
cable. 

(C) Where the cables are liable to suffer 
mechanical damage they shall b£ adequately 
protected in relation to the nature of their 
sheath. 

(U) The cables shall be .secured by cleats, 
.saddles or clamps (other than driven staples) or, 
subject to compliance with clause (C) above, 
may be embedded in plaster or alternatively 
may incorporate or be continuously bound up 
with a properly-suspended catenary wire. The 
* insulators, cleats, saddles, and clamps shall 
have c.mooth or rounded edges that will not 
indent or damage the cables, and they shall be 
so designed and arranged as to prevent the 
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fixing screws or nails from damaging the insula- 
tion and protective coverings of the cables. 

Note. — ^TouRh-rubber-sheathed cables embedded in 
plaster are ordinarily deemed not to [be subject to 
mechanical damage, but protection may be neces.sary 
in particular instances. Attention is drawn to the 
possibility of deleterious action on the tough-rubber 
sheath as a result of contact, in damp situations, 
with lime and certain cements and sprays. 

(E) The spacings of the insulators, cleats, 
saddles, or clamps, where the cables are installed 
in such positions that they are likely to be dis- 
turbed, shall not exc(;ed tho.se .specified in 
Regulation 403 (D) for metal-sheathed cables, 
unless the cables are .supported throughout theii 
length by properl y-su.spencled catenary wires. 

(F) Where the cables are installed in .such 
positions that they are unlikely to be disturbed 
(e.g. under floors or within partition.s), greater 
distances between the points of support are per- 
missible than those specified in clause (E) above, 
but such distances shall not exceed 3 ft. In 
addition, the cables, where vertical, .shall be 
gripped firmly at the supj^orts, and where, owing 
*^o a change of direction, there is likely to be 
excessive pressure on any part of the cable, the 
cable shall be brought over a rounded support 
of a radius not less than six times the overall 
diamct<T of the cable I see Regulation 315 (E) for 
the bending of cable.s]. Cables run parallel to 
joists sl..j” attached to the sides of the joists. 

(G) fn damp situations and wherever exposed 
to the weather the cleats, .saddles, and clamps, 
referred t<.) in clause (1.)) above, together with the 
screws or nails used for fixing, shall be of non- 
ru.sting material 

(M) Where ihc cable glasses through floors, 
walls, partitions, ceilings, etc., the holes shah be 
made good with suitable cement or similar 
incombustible material to the full thickness of 
the material of the floors, walls, (?tc., and .space 
through which fire might spread shall not be 
left around the cable ; and where the cable 
passes through structural steelwork or iionwork 
every hole shall be so bushed as to prevent 
abrasion of the cable. Where cables are installed 
under floors, they .shall be mounted on the .sides 
of** joists or in such other positions as are not 
liable to damage due to contact with the floor- 
boards or floorboard fixings. Where the cables 
are sunk into the floor joists, the floorboard^ 
shall be fixed with removable screws. 

(T) Every connexion between the conductors 
of cables shall be made in a joint box of ample 
capacity and complying with B.S. Hifi, and the 
box .shall contain all parts of the cable from 
which the y)rotectivc dieath has been removed. 

(J) Except as specifically exempted below, 
where cables terminate at, or are looped into, an 
accessory or*lighting fitting, a box shall be pro- 
vided into wdiich the protective sheath s- *1 be 
brought in such a manner that all parts 01 the 
cable from wdiich the protective sheath has been 
removed are enclosed within the box, accessory 
or lighting fitting. 

Exemption , — Where a cable is run on the 
surface, the box called for above may be 
omitted provided that the protective sheath i.s* 
brought into the accessory or lighting fitting 
or into a recess lined with incombustible 
material, or, wdiere the surrounding.s are of in- 


combustible material, into a recess formed of 

or lined wdth hard wood such as beech, oak 

(English), teak or mahogany. 

Conduits 

Regulation 405. Any type of cable which 
complies with Regulation 1306 (i), (ii), (iii), or 
(iv), other than the high-voltage cables specified 
in Regulation 907 for high-voltage electric dis- 
charge lamps, may be enclosed in conduit, pro- 
vided that the requirements of the following 
clauses (;\) to (P) are complied with : 

(A) The conduits for each circuit shall be 
erected complete before any cable is drawn in. ' 

Note. — Attention is drawn to the desirability of 
inspection boxes, draw boxt's, etc., being accessible 
throughout the life of the installation for such pur- 
poses as the withdrawal of existing cal)l<*s or the 
installing of additional cables. 

(f^) Metallic conduit shall be prevented by 
spacing, insulation nr other means from coming 
into contact with (i) the wires, cables or sheath 
of any wiring system operating at extra-low 
voltage or of any .system not installed in accord- 
ance with the requirements of these Regulations ; 
(ii) thtj metal pipes (*f other services, e.g. gas or 
wafer. Whore the .separation called for above is 
not practicable, the conduit shall be bonded to 
the metal sheath and/or pipework of other 
services, with which it may come into contact, 
in such a manner as to prevent the occurrence of 
a voltage difference at such point of contact. 

Note i.— 'Mie bonding of the sheath of (tables or 
conduit to other serviet^s may requinr the permission 
of the aiitiTorities respoiisibh^ for those scTviccs. 

Note 2. — .\ttention is drawn to the requirements 
of tlic Factories (Jesting of Aircraft Engines, Car- 
burettors and Other Accessories) Order, 1944.* 

(C) Where conduits are liable to mechanical 
damage they shall be adetpiately jmotected. 

(D) The maximum number of 250- volt- grade, 
vulcanized-rubber-insulatod braided cable.s, or 
p.v.c. -insulated, braided or iinbraided cables, 
run in one conduit shall be such that it permits 
of easy Irawing-in, and in no circumstances .shall 
be great, than the maximum .set out in Table 22 
for the "ticular si/e of conduit. For types of 
cables haOng larger overall diameters than those 
shown in column 3 of Table 22, appropriate 
redut'ion shall be made in the number of cables 
drawn into the conduits [sir Table 23 for (»()o-v()ll 
grade, vulcani/ed-rubber-insulated, braidetl 
cables). Where necessary, arrangements shall be 
made to obviate the drawing of cables round mon; 
than two oo'" bends, of a radius not less than that 
of the ^^riiish Standard factory-made normal 
bend, or their equivalent. 

(E) The radius of any conduit bend shall be 
such as to fulfil the requirements of Regulations 
315 (E) and (F) for the bending of cable and. 
furthermore ;he inner radius of the bend .shall 
not be less than 2J times the outside, diameter of 
the conduit ; and elbows or tees other than those 
of the inspection type shall not be used, except 
at the ends of conduits immediately belli lul 
acce.ssories or lighting fittings. 

(F) Except as specifically exempted below, 

boxes shall be provided at every outlet position 
and such boxes shall be of metal where metal 
conduits are used. 

* Obtainable from H.M. Stationery Office under reference 
S.K. and O. 1944. No. 49.^- 
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Exemption . — Where a conduit is run on the 
surface, a box need not be provided at any terminal 
position provided that the conduit is brought into 
an accessory or lighting fitting, or into a recess 
lined with incombustible material, or, where the 
« surroundings are of incombustible material, into a 
recess formed of or lined with hard wood such as 
beech, oak (English), teak or mahogany. 

(G) Every outlet for a cable from a conduit shall 
be bushed or so finished as to prevent abrasion 
of the cables emerging therefrom. 

(H) Where the conduit passes through floors, 
walls, partitions, ceilings, etc., the hole shall be 
made good with cement or similar incombustible 
material to the full thickness of the material of 
the floor, wall, partition, or ceiling, and space 
through which fire might spread shall not be left 
around the conduit. Where conduits are sunk 
into the floor joists, the floorboards shall be fixed 
with removable screws. 

(I) Substantial boxes of ample capac?^y com- 
plying with the appropriate British Standard 
shall be provided at every point where cable 
connexions have to be made. These boxes shall 
be of metal except that, where non-motallic 
conduits are used, the boxes may, if desired, be 
of non-absorbent, non-iifflanimable material 
other than metal. 

(J) In damp situations and wherever exposed 
to the weather, the saddles and fixings used for 
securing the conduits shall be of non-ru.sting 
material or finish ; and the conduits shall be 
watertight and, if of steel, shall be of heavy 
gauge and screw- jointed. 

Note. — Conduit buried in plaster is gi ordinary 
circumstances deemed not to be in a damp situation. 

Attention is drawn to the possibility of corrosion, in 
damp situations of : — 

(i) Metal conduits and ducts, and other metal 
parts, by certain materials containing magnesium 
chloride which are used in the construction of 
floorings and dadoes. 

(ii) Steel conduits and ducts where plaster 
undercoats are contaminated with corrosive sails. 


(See British Standard Code of Practice CP 211 
Internal Plastering," pp. 43 and 97.) 

(K) If of metal, the conduits shall be earthed in 
accordance with the requirements of Section 10, 
and shall be mechanically and electrically con- 
tinuous across all joints, so that the electrical 
impedance of the conduit, together with the im- 
pedance of the earthing lead, measured from the 
connexion with the earth electrode to any other 
position in the completed installation, shall not 
exceed i ohm. 

Note.— Plain slip sockets do not comply with this 
condition, and some form of screwed or grip joint 
which wiU give ample and permanent electrical con- 
ductance and mechanical rigidity throughout is 
necessary. 

(L) Inspection and draw-in boxes for use with 
metal conduits shall be in rigid electrical and 
mechanical connexion with the conduits. 

Note. — Plain slip sockets do not comply with this 
condition, and some form of screwed or grip joint 
which will give ample and permanent electrical con- 
ductance and mechanical rigidity throughout is 
necessary. 

(M) Vulcani zed-rubber-insulated cables shall 
not be used without suitable protection in situa- 
tions where they are likely to be permanently 
exposed to the risk of deterioration due to contact 
with rust. 

(N) Cables installed in metal conduits shall 
always be so bunched that the outgoing and 
return cables arc drawn into the same conduit. 

(O) In the absence of statutory or other special 
regulations requiring the separation of the wiring 
of a.c. and d.c. systems, cables connected to one 
system may be run in a conduit with cables 
connected to the other system. 

(P) Where flexible metallic tubing is connected 
to metal conduit, the adaptors attaching the 
tubing to the conduit shall be of a type suitable 
for connexion* to the separate earth-continuity 
conductor required by Regulation 1003. 


IMMERSION HEATER: TYPES & INSTALLATION 

By L. C C. Bayner, A.I.E.C 

in the first Section of this article Mr. Rayner describes the types of Electric 
Immersion Heater and deals with such matters as loading, rating and the reduction 
of heat losses. Notes are given on thermostatic control, and running costs. 

In the second Section the installation and fixing of immersion heaters is explained, 
with many practical hints and data. See Thermal Storage. 


A. TYPES, RATINGS A CHARACTERISTICS 

Electrical apparatus for water heating 
is discussed in this work under the headings 
Immersion Heater (the present article), 
and Thermal Storage Heaters. The 
general principles of hot water supply are 
explained under the heading Hot Water 
Supply : (i). 

The immersion heater is a device for 
heating water electrically. Basically it is 
made of spirals or loops of wire drawn 
from metal having a high resistance, such 
as nickel-chrome. The flow of an electric 
current through the wire causes it to 


become hot, and if the wire is protected 
by a casing or sheath and immersed in 
water, the water in turn becomes heated. 
Modifications are made to this elementary 
heater in practice. The wirfi must be 
insulated from the sheath to prevent 
. electrolysis of the water and to prevent 
any danger of electric shock. The wire 
must be of the correct diameter to pass 
sufficient current to give the loading re- 
^quired, and of the proper length to absorb 
the voltage of the electricity supply. 

The loading of immersion heaters is* 
stated by the manufacturers in kilowatts 
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(kW) or sometimes in watts (one kilowatt 
equals i,ooo watts). The current in 
amperes (amps.) flowing through the 
heater may be obtained by dividing the 
loading in watts by the’ supply voltage. 
For example, a 3-kW immersion heater 
is to be used on a 240-volt supply ; what 
load will the cables have to carry ? 3 k W 

= 3,000 watts. The current will be 3,000 
-r 240 = 12 J amps. Referring to the Table 
in the article on Cables (page 201), a 
suitable size may be chosen. If existing 
wiring is to be used, this information will 
render it possible to check the capacity 
of the wires, switches and fuses. 

Loading. Recommended loadings for 
various capacities of storage vessels are 
given later in this article. These are for 


nickel-chrome resistance ribbon wound 
on a mica former. The ribbon is further 
insulated with mica strips, the whole 
being inserted in a hollow metal former 
which is flattened under pressure. This 
brings about intimate contact between 
ribbon, mica and former, so that heat is 
readily transferred. This type is now 
mainly confined to small heaters used for 
boiling or heating water in saucepans or 
other small vessels. 

The more usual type of fixed element 
heater consists of nickel-chrome wire 
spirals solidly embedded in refractory and 
insulating material. The whole mass is 
inserted in metallic tubes brazed to the 
fixing flange. Such a heater is shown in 
Fig. I. A typical removable element 


normal domestic use. For special require- 
ments other loadings , 

may be desired, and 

these may be calculated ^ — 

as follows : * ^/e/nents 

It requires i B.Th.U. to 

Aif IMMERSION HEATEF 
raise fm +«mperature of j^^ersion heater* ni( 

I lb. of water 1 r., and embedded in refractory 
a gallon of water weighs are inserted int 

10 lb. Tlie heat required 
in B.Th.U. to raise the temperature of G gal. of 
water T° F. is 10 GT. A kilowatt of electricity 
converted to iieat is equivalent to 3,415 B.Th.U. 
The necessaty loading of an immersion hc'.ter 
may, therefore, be found from the formula : 

loGT GT 

kW = or kW = — 

, 3.415 . 341 , 

This gives the temperature rise per hour ; 
if any other time period is given, the 
necessary conversion must be effected. 

Example. A certain hot water supply’ In- 
stallation includes a loo-gal. storage cylinder. 
After the peak demand for hot water there are 
^ hours before a further large demand occurs. 
What should the loading of immersion heaters 
be for this installation ? 

Assuming that at the conclusion of the peah 
load the average temperature of the water is 
50® F. there are 4 hours available to heat it 
up to the normal temperature of, say, i5o°F. 

This gives a temperature rise of 150 — • : 25' F. 

per hour. Adding 33 J per cent, to this or, 
say, 8® F. to allow for water drawn off during 
the heating up period and for radiation losses, 
the temperStture rise becomes 33® F. per hour. 

Using the formula kW =* and subsU ting 

values, it becomes ; 

kW = 100 X “ « 97- 
34^ 

A satisfactory installation would be three 
3 -kW immersion heaters. ^ 

Types of Heater. Two general types 
of immersion heater are manufactured : 


Elements 

IMMERSION HEATERS. FIk. 1. Fixed element 
immersion heater * nickel-chrome wire spirais 
embedded in refractory and insulating material 
are inserted into metallic tubes. 


heater is illustrated in 

Fig. 2. Here each 

•Tnermostat i ^ 

Ir li an outer 

W tube, usually of solid 

J / drawn copper which in 

e e some cases is tinned. 

. Fig. 1. Fixed element i i j 

el-chrome wire spirais The tubC IS brazed Or 

meuiii^tuEfs"'"*®"*' welded into the fixing 
flange which secures 
the heater to the cylinder or tank. The 
heating elements themselves are spirals of 
nickel chrome alloy wire totally enclosed 
in steatite or porcelain bobbins which are 
a sliding fit in the copper tubes. The 
elements can thus be readily removed. 

This ready removal of the elements is 
an advantage, partic&larly as it may be 
done without emptying the storage vessel. 



Elements 


removable element and fixed element, f**- ,2. 

•The latter, if of the blade type, consists of lain bobbins which slide into drawn copper tubes. 
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But heaters of this description cannot 
be electrically loaded to such an amount 
as the fixed type heaters. This brings 
the advantage that the surface tempera- 
ture is lower for the removable element 
type, with consequent slower incrustation 
in hard water districts. The corre.sponding 
disadvantage is that the heater is longer 
(see below), which may render it impossible 
to fix the removable clement type in 
narrow tanks or in cylinders small in 
diameter. The fixed element type heaters 
are lighter in construction, which may be 
an advantage with flimsy tanks. 

Fixing. The fixing flange may be 
secured to the cjdinder with sc i crews, 
as shown in Fig. 2 ; or may be screwed 
gas thread similar to Fig. i. In the first 
case an inner flange is inserted through an 
oval hole in the cylinder. The face next 
the cylinder wall has a joint washer, and 
a similar wa.shcr is fitted to the outer 
flange carrying the 
heaters. The setscrews 
shown pull the flanges 
tightly against the joint 
washers, forming a 
watertight joint. In 
the case of the heater 
having a screwed head, 
round flanges are fixed 
inside and outside the 
cylinder wall. The outer 
flange has a female 
thread into which the 
heater head screws. 

(Further information 
will be found in the 
following section on the 
fitting of immersion 
heaters.) 

Standard immersion 
heaters may be obtained 
having loadings of i, 

I 2, 3 and 4 kW, meet- 
ing any normal require- 
ments. Larger sizes and 
special loadings are made, but the standard 
ratings should be used where possible. The 
immersed lengths corresponding to the 
♦ above loadings are, for removable 
clement type : ii in., 12 in., 16 in., 22 in. 
and 30 in. and for the fixed element 
type : ii in., ii in., ii in., 15 in. and 19 
in. These are minimum lengths corres- 
ponding to the highest loading of the 
surface of the elements. This high loading 
means a high surface temperature, and in 


nard water districts would involve very 
heavy lime or magnesia deposits. When 
the apparatus is to be used with hard 
water, therefore, a heater should be 
chosen having a low loading. 

The ends of the resistance wires are 
brought out to terminals which may be 
clearly seen in Fig. 2. The supply cables 
are connected to these terminals, the 
whole being enclosed by the cover shown. 

Thermostatic Control. To ensure 
the lowest possible running costs it is 
essential that the heaters be controlled 
by thermostats. The.sc are usually carried 
by the fixing flange, as indicated in Figs. 
I and 2. They are normally adjustable 
to break contact at any temperature 
between about 100“ F. and iSo"" F., and 
are wired in series with the elements. 

Two kinds of thermostats are in use. 
The mercury switch type is intended par- 
ticularly for use on D.C. supplies, although 
it may be also used on 
A.C. supplies. In action 
an expanding rod tilts a 
gla.ss tube in which two 
contacts are fused and 
which contains a small 
pool of mercury. When 
the tube is tilted siiffic- 
iently the mercury 
touches both contacts 
and so allows a flow 
of current. 

The second type of 
thermostat (which must 
not be used on D.C. 
supplies) consists of an 
expanding rod which 
mechanically actuates a 
“snap” make-and- 
break. In either type 
the temperature at 
which the contact is 
broken and the current 
flow stopped may be 
adjusted by hand. It 
is usually set to occur at a temperature 
of about 170° F. With very hard water, 
if sufficient storage capacity is available, 
it is better to use a lower set temperature 
(say 140° F.) to avoid excessive lime 
deposit. As shown in Fig. 3', the heater 
must always be fitted with the thermostat 
top. 

Although thermostatic control is now 
inexpensive and is advantageous, hand 
control 13 still employed. In these cases a 



IMMERSION HEATERS. Fig. 3. Immersion 
heater in cylinder, setting up convection currents 
as shown by arrows. 
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4 pole 3-heat switch should be used, con- 
nected as Fig. 4, where Hj and are 
two immersion heaters of equal loading. 
This switch in its first position connects 


poles a and c so that the heaters are in 
series, giving quarter-heat. In the second 
position terminals a and b are connected. 
Only one heater is then in use, giving 
half-h, ; < For full heat pole a is ccHi- 
nected to h and c to d, when the two 
elements arc connected in parallel across 
the mains. 


TAMrai: 1 

Loadings for Thermostatically controlled Installations 


Capcicitv 

l-oatling 


No. of iiaths 

of 

of 

lion Kate for 

in 

lank 

ICloniont 

100*^ b\ Ki.se ' 

vSucccssioii 

gallons 

k\\ 

liours 


20 

2*0 

30 

2 

25 

2*0 

3*75 

2 

3 « 

2*5 

3*0 

3 


30 

40 

4 


To obtiiin f|uicki?r deliveries of liol water, two 
iniiiiersion units Ccin be used. 


Taulk 11 

Loadings for Hand controlled Installations 


Capacity of Storage Vcss <4 

I.oacling 

gallon.s 

kW 

15 

2 

25 

3 

40 

4 

ho 

6 


Heater Rating. In determining the 
required rating of an immersion heater 
Table I may be used. This assumes 
thermostatic control. For use with hand 
control the suitable ratings are given in* 
Table II. Both tables assume normal 
domestic use, with a few hours' heating- 
up period between peak loads. They are 


based on the assumption also that the 
capacity of the storage vessel is in pro- 
portion to the demand for water. This 
means that for each bath in the house 
there should be 
allowed about 20 
gal. storage capa- 
city. If the cylin- 
der or tank is 
smaller than this, 
or if the demand 
for hot water is 
continuous, larger, 
ratings are needed, 
and they should be 
calculated from 
the data given 
(* a r 1 i e r in this 
article. 

InimtTsion heat- 
ers warm the wateV in the storage v'essel by 
convection currents, in the manner shown 
by Fig. 3. For this reason water below the 
heater will not become hot, anti the heater 
must be fitted within 2 in. or 3 in. of the 
Ixjttom of the cylinder if the whole contents 
are to be warmed. The clc‘arance men- 
tioned should be allowed, in order to 
collect sediment and .scale. From F"ig. 3 
it will be evident that the hot water 
rising from the heater mixes with the cold 
water aheady in the cylinder. The 
temperature of the whole bulk of watcT 
therefore ri.ses at th(i same time, and 
really hot water is Vot available until 
practically all the water is hot. This is 
one < ' the disadvantages of immersion 
heater To overcome this, where a tank 
or cylinder is large enough to require two 
heaiers, it is recommended that one b(‘ 
fitted at the bottom and one half-way up. 
If the latter only be used, by oj)erating 
the approjTiate switches, only half the 
c^dindcr contents will become hot. 

Reducing Heat Losses. Unless care 
is exercised electricity can be a very 
expensive method of heating w^ater. This 
is particularly the ca.se with immersion 
heaters, which are almost always apj)lied 
to existing installations. In order to 
reduce running costs, every effort must 
be made to avoid radiation losses. The 
storage vessel must be thoroughly in- 
sulated. A “ mattress " of the correct 
size, made of asbestos fibre or cork dust 
enclosed in a fabric casing, is probably 
the best method. The thickness should 
be in. for good efficiency. Plastic 
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IMMERSION HEATERS. Fig. 4. Hand control for immersion heater, by 4-pole 
3-heat switch ; H, and H, immersion heaters ; A, B, C, D terminals on switch- 
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asbestos may be used, although it has the 
disadvantage of being messy. Also a good 
many asbestos compositions are so adul- 
terated as to be very poor insulators. 

A further source of radiation losses are 
circulating pipes. If these exist they 
should be cut out, or if they must remain 
they should be well insulated. It must 
be remembered that each foot of i-in. pipe 
through which hot water is circulating 
gives off about 20 B.Th.U. per hour even 
when insulated. Ten feet will give off 
4,800 B.Th.U. during 24 hours (equivalent 
to the waste of nearly kW of electricity). 
This will amount to a really appreciable 
quantity during a year. Unfortunately 
the Metropolitan Water Board Ivegula- 
tions will not allow a tap to be more than 
25 ft. from a circulation. If to comply 
with this regulation it is necessary to run 
a long circulation to -an isolated tap, 
it is much better to give the tap its own 
independent water heater and to cut out 
the circulation. 

An immersion heater is essentially a 
method of converting an existing in- 
stallation. For a new installation, storage 
heaters are better (see Thermal^ Storage 
Heaters). If small quantities of hot 
water are required quickly, an electric 
circulator is better, although it does 
not heat the whole bulk of water any 
quicker than an immersion heater. If 
the cylinder is of the indirect type an 
external circulator^ is the only possible 
fitting. If there are a number of scattered 
hot water points, a conversion is better 
avoided, and separate storage heaters 
should be used for each tap or group of 
taps. 

The heater should be fixed so that it 
is accessible for de-scaling. The tank or 
cylinder must have a manhole for de- 
scaling. The general arrangement of 
piping must be suitable for use with an 
immersion heater. This is dealt with in 
the following Section, on the fixing of 
immersion heaters. 

Running Costs. The running costs of 
electric water heating may be found 
as follows. Taking about 90 per cent, 
^efficiency to allow for radiation losses, 
each kilowatt is equal to about 3,000 
B.Th.U. or 3 gal. of water raised 
100° F. in temperature. A hot bath 
requires 15 gal. of such water, or 5 kW. 
The average consumption of hot water 
per person per day is about 25 gal., or 


about 8 kW. Knowing the price of 
electricity, the running costs may be 
obtained from these figures. 

fi. INSTALLATION AND FIXING OF 
IMMERSION HEATERS 

In the first Section of this article in- 
formation is given on types of heater, 
and on rating and loading. There also 
is a description of the method of deter- 
mining the rating necessary for any given 
cylinder and tank. In the articles of the 
Hot Water group will be found general 
information on principles and methods, 
and the reader should refer there for 
supplementary notes not included in the 
present contribution, where we are con- 
cerned only with the installation of the 
particular type of apparatus in question. 

Conversion of Installation. Since 
immersion heaters are almost always used 
for the conversion of an existing installa- 
tion for use with electricity, the first step is 
to determine whether satisfactory results 
will ensue after the conversion. Of prime 
importance is the capacity of the storage 
vessel. When a boiler is used it is pos- 
sible to “ force ** it in order to meet a 
large demand for hot water : in this way 
it is possible to overcome any lack of 
storage capacity, since the boiler will 
probably be capable of heating the water 
content in less than an hour. On the 
^ other hand, the rating of immersion 
' heaters is usually so chosen that they take 
two to three hours to heat up the water in 
the cylinder or tank. Larger heaters will 
considerably increase the first cost of the 
installation, and may require cables larger 
than usually found. 

For average household use, not less than 
25 gal. storage capacity should be pro- 
vided for each bath installed. This 
assumes that not more than two baths will 
be taken in succession. For each addi- 
tional bath likely to be taken, an addi- 
tional 10 gal. to 12 gal. should be provided 
in the storage vessel. For larger buildings, 
such as flats, offices, etc., the'" particular 
needs will determine whether any given 
storage capacity will be sufficient. 

The position of cylinder or tank must be 
suitable : it must be accessible for fitting 
the heater, but of equal importance is 
.the space around it. The tank or cylinder 
must have about 2 in. of insulation on 
all sides and on the top. There must be 
room for this and also space to apply it. 
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Linen Cupboard. Where the storage 
vessel is fixed in a linen cupboard and is 
the sole means of warming it, two methods 
may be adopted. Part of the insulation 
may be omitted so that some warmth is 
available. This has the disadvantage 
that the heat cannot be controlled. A 
better method is to provide tubular 
heaters which can be switched off when 
not required. 

Piping. The arrangement of the piping 
should be studied. If an unsatisfactory^ 
supply at any tap occurs when a boiler is 
used, fitting an immersion 
heater will not affect it. In 
extreme cases one tap may 
cease running when another 
is used. Any such defect 
should be ascertained and 



IMMERSION HEATERS. 
Fig. 5. Installation in 
which immersion heater 
should not be used, be- 
cause of the slow rate of 
recovery; once the cylin- 
der has been emptied, it 
will be a considerable 
time before hot water can 
be obtained at taps. 


rectified. An arrangement like Fig. 5, 
where taps are supplied from the boiler 
flow pipe which connects to a low point in 
the cylinder, is particularly bad. Owing 
to the slow rate of recovery, it will be found 
that once the cylinder is emptied of hot 
w«ater it will probably be at least two hours 
before hot water can be drawn at taps so 
connected. 

In addition to the general arrangement 
of the piping, the runs should 
be investigated. Circula- 
tions must be avoided. If 
local Water Board regula- 
tions specify maximum 
allowable lengths of 
dead legs tpipes in 
which no circulation 
takes place), local 
heaters should be 
used for taps distant 
from the tank. The 
circulations which 
exist should be cut 
and plugged. If this 
is impossible the 



circulating pipes should be wrapped with 
asbestos felt to reduce heat losses to the 
minimum. If it is evident that the cir- 
culation will be a brisk one, it is wise to 
insert a valve which can be adjusted to 
reduce the rate of circulation. If a heated 
towel rail is fed from the hot water 
pipes, it is better to replace it with an 
electrically heated rail. This is more 
easily controlled and is more likely to be 
switched off when not wanted. 

Preliminary Inspection. Having 
checked that the heater will not be too 
long for the tank, nor foul any pipes inside 
it, the installation may be begun. The 
system should, of course, be emptied. If 
a manhole is fitted, the cover should be 
removed and the interior of the tank 
cleared of scale. When this has been done 
an examination should be made for pitting. 
If the metal is in bad condition, it is better 
to explain to the owner that a new tank 
would be a good investment. When tank 
failure occurs a short time after the fixing 
of the heater, the latter is likely to be 
assumed as the cause of the failure. 

Fitting the Heating Element. The 
most suitable position for the heater is two 
to three inches clear of the bottom of the 
tank and as nearly as possible on the 
centre line. This will mean, with the 
usual heater, that its centre point will be 
about 5 in. above the bottom of the tank. 
There must be .sufficient clearance to insert 
and withdraw the elejnent, so that the 
only possible position will be the front face 
of the T.'iik. Accordingly, a mark should 
be mad. nth a centre punch in the position 
which the centre of the heater will occupy. 

Most immersion heaters screw into 
round or oval flanges, a section through 
the fixing being given in Fig. 6. One of 
the flanges should be used as a 
template, being placed on the side 
of the tank with its centre coinci- 
dent with the punch mark already 
made. The bolt holes and clear- 
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Fig. 6. Cross section 
through flange fixing of 
Immersion heater (for 
method see text). 


603 




IMMERSION HEATER 


ance hole for the heater should be outlined. 
The former may be drilled with an ordinary 
breast drill. For the clearance hole a 
tank cutter (see Drill and Drilling Machine) 
should be used. 

If this is not available a cold chisel is 
the quickest method with thin metal. A 
block of wood held inside the tank will 
take the blows on the chisel. If the tank 
is of thick metal drill a series of holes 
around the clearance hole circle and join 
them up with a hacksaw or a cold chisel. 

The inside and outside faces of the metal 
where it has been cut should be thor- 
oughly cleaned and all burrs removed. 
Any scraps of metal which have dropped 
into the tank should be removed, to pre- 
vent subsequent chemical and electrolytic 
action and consequent wasting and pitting. 
The flanges may then be fitted to the tank. 

A rubber washer should be fitted between 
flange and tank for both inside and outside 
flanges. If such washers are not provided 
they may be cut, using the flange as a tem- 
plate. Setscrews and nuts with washers 
under the heads hold the flanges together. 
The setscrews should be long enough to 
project about two threads thri^ugh the 
nuts and should have a little hemp wound 
under the heads. 

Where the heater incorporates its own 
thermostat no further provision is neces- 
sary for this. If a separate thermostat is 
to be used, flanges of appropriate size 
must be fitted to the tank to take it. The • 
best position for it is about 4 in. to 6 in. 
above the heater and slightly to one side 
of the latter. If more than one immersion 
heater is being applied to a tank, the first 
should be fitted near the bottom, as de- 
scribed above, while the second one should 
be half to two-thirds up the tank. When 
the heater is being used in conjunction 
with a cylinder, flanges bent to the proper 
radius must be employed. 

Testing. After the work on the flanges 
is completed the manhole cover may be 
replaced, the heater screwed home and 
the wiring carried out. The installaiion 
should then have a heat test for some 
little time. Defects such as leaky bolts 
^may be detected and remedied. After 
'making sure that everything is sound, 
the insulation can be applied. This may 
take several forms, one of the most 
efficient being an asbestos mattress not 
less than in. thick. These may be 
obtained made to fit the tank or cylinder. 
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Asbestos is an efficient insulator and 
vermin proof ; any other material used 
should have the same properties. Where a 
jacket is not used a common method of 
insulation is to make a wood framework 
round the tank with panels of closely 
woven canvas. The space between tank 
and canvas (which should be not less than 
3 in.) is then filled with cork dust. 

Electrical Work. The electric supply 
to an immersion heater sliould not be 
taken from a plug point but should come 
direct from the distribution board. The 
meter and main switchgear must be large 
enough to carry the additional load which, 
in the case of a 3-kW heater, for example, 
will amount to at least 12^ amps. For 
the proper size of cable see Cables. A 
switch should be inserted in the supply to 
the heater and near the heater. If this 
switch is of the single-pole type, it should 
be in the live lead. It should preferably 
be of the insulated type, and both this 
and all other parts of the electrical 
installation should be out of reach of 
anyone in the bath. This is based on the 
assumption that the linen cupboard is in 
the bathroom, as is often the case. 

The metal casing of heater and thermo- 
stat should be well bonded to earth. It is 
a wise precaution to earth all pipes in a 
-bathroom also. Any wiring in a linen 
cupboard should preferably be carried out 
in asbestos sheathed fireproof cable. The 
remaining cable may be of any suitable 
type. The thermostat should be wired in 
series with the immersion heater. If these 
two are separate fittings, it may be found 
that the heater has one red and two black 
terminals for used with a three-heat switch 
control. In this case, for complete thermo- 
static control, the two black terminals 
should be coupled together and treated 
as one. The electric cables should be con- 
trolled near the main distribution board 
by a double-pole switch and fuses. 

INDIRECT HEATER. Used for warm- 
ing a room indirectly, the heater being 
outside the room. It consists of a heating 
element enclosed in a casing and com- 
municating with the room to be warmed. 
Air passes over the heater through the 
casing, becomes hot and enters the room. 
The air flow may be due to natural con- 
vection currents created by the warmed 
air being lighter than the surrounding air 
(gravity indirect heater) . In other cases the 
air may be forced over the heater by a fan. 
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The source of heat may be hot water, owing to its decreased density, through 

steam or electricity. For hot water and the delivery duct into the room, 

steam, either ordinary radiators or special In the design of such an installation it 
extended surface heaters may be used, may be taken for hot water that if fresh 

The latter are of the gilled pipe 
type similar to Fig. i, or the fin 

type shown in Fig. 2. In both I I 1 I I I II \ 

cases the heater includes a num- i 1 i II i 

ber of projections through which p /- Hr p p pl ^vivi / \ 

the air passes, coming into in- ' I _ ' \ 

timate contact with them and i j j ; j 7 1 T V / 

absorbing heat. L/ J . jjj J J J / 

Hot Water or Steam Type. 111 xf y 

A typical installation of hot I II I 1 I I M I I 

water or steam indirect heater I 

is given in Fig. 3. Assuming a I 

frrnnnri finnr rnnni ihn Vinntor I- INDIRECT HEATER. Fir. t. Gilled lube indirect heater, shown 
f.,IOUIl(l llOOi room, ino neatt.r (left) in part elevation and part section and (ripht) in cross section ; 

suspended from the basement heating unit is warmed by hot water or steam and placed out- 

. J. , r 1 1 Oic room to be heated. 

ceiling by mt^ans of rods and 

mild stei^i angles. It is enclosed in a gal- air is used the air will enter the room at 
vanized sh(‘et steel casing having a space about 85'' F. ; and if re-circulatcd air is 
at the top and bottom. Into the bottom iLsed the temperature will be about 100" F. 


INDIRECT HEATER. Fig. t. Gilled lube indirect heater, shown 
(left) in part elevation and part section and (right) in cross section ; 
the heating unit is warmed by hot water or steam and placed out- 
side the room to be heated. 


>pacc enter the re-circulation duct and 



F ° 2 . Section of fm type indirect heater, warmed by 
hot water or steam. 


the fresh air duct. The.se duct.s arc 
controlled by dampers, which arc so 
interconnected that as one of them opens 
iIm^ other closes. By operating these 
damj)ers all fresh air, all room air. or 
any mixture (jf both may be allowed to 
ilow to the heater. 


Assuming a room temperature of 0 o° F., 
the quantity of air retiuired to How into 
the room may be found by multiiilying 
the heat loss by 55, dividing by 25 for 
fre.sh air and by 40 for re-circulatecl air. 
This wilUbc cu. ft. per hour. Division by 
bo gives cu. ft. per minute (c.f.m.). 

In the ducts an air sjieecl of 200 f.p.m. 
may be alUiwed for the floor directly above 
the heater, and 300 f.p.m. for rooms on 
the floor al)ove that. If the air ciuantitics 
in c.f.m. found above are divided by the.se 
speeds, the required area of the ducts in 
sq. ft. is obtained. The ducts should 
be as d J ‘Ct as po.ssible witli easy bends 
to avoic! iction. Tlie heater casing should 
fit the heater closely at the sides, and 
the soaces above and below the lieatcr 
.should be not less tlian () in. Adequate 
flow and return pipes should be used to 


If it is intended that 
the heater shall ventil- 
ate the room as well 
as warm it, the 
re-circulation duct 
and dampers may be 
omitted. If, on the 
other hand, the heater ^ 
is u.scd only to warm* 
the room, the fresh 
air duct and the 
dampers will not be 
required. -After the 
air has been 
warmed by the FreshAir 
heater it rises, 



605 


9 V 2 




INDIRECT HEATER 


Heating Surface Required. The 

heating sudace necessary in the heater 
may found by dividing the room heat 
loss by 150. 

Example, A room having a heat loss of 
8,000 B.TI1.U. per hour is to be warmed with an 
indirect heater on the ceiling of the floor below. 
No fresh air to be used. 

Air quantity wiU be * 11,000 cu. 

ft. per hour «= 183 c.f.m. Air speed will be 
200 f.p.m. and duct area 183 -r 200 — 0*92 


sq. ft., or say 132 ra. in. The duct could be 
12 in. X 11 in. Tne heater would need a 
heating surface of 8,000 -r 150 sq. ft. « 53 
sq. ft. 

Electric Heaters. When electricity is 
the heating medium the arrangement is 
similar to Fig. 3. The heater then consists 
of resistance wire mats. For the use of 
indirect heaters with fans the articles on 
Plenum Heating and Ventilation should 
be consulted. See also Fan. 


INSPECTION CHAMBERS ON DRAINAGE SYSTEMS 

By H. C H. Shenton, F.R.SanJ.g Hon. F.I.S.E. 

Setting out the essential requirements for access and observation. Though 
details of the brickwork to chambers lie outside the scope of this work, notes 
are given of the most important features. In the following section Cast-Iron 
Inspection Chambers are dealt with. See also Drains and Drainage: Sections 
(I), (3) and (4) ; also Intercepting Chamber; and Manhole. 


Inspection chambers, as the name 
implies, are provided in order that the 
working of any drain or system of drains 
may be kept under observation ; it is also 
necessary that the chambers should be so 
formed that they will provide access to 
the drains for cleaning and for testing. 
The efficiency of any system of drains is 
dependent largely upon the provision and 
proper arrangement of these chambers, 
and economy of construction is also 
affected materially. 

In designing an inspection chamber it 
is necessary to consider the requirements* 
of each separate case, which will differ 
with the depths and positions of the drains 
at each point where it is necessary to 
provide means of access. The first require- 
ment in all cases is that it shall be possible to 
see all drains running into or from the 
chamber, and that it shall be possible to 
pass cleaning rods through each pipe and 
also to insert plugs for stopping the ends 
of the drains when testing, the plugs being 
those which are commonly used for the 
purpose {see Drains : (3) Examination and 
Testing). The chamber must also be so 
arranged that there, will be no difficulty 
in cleaning the interior. 

Appropriate Size. It is very important 
, to understand that as long as an inspection ‘ 
chamber fulfills these simple requirements 
there is no object in increasing its size. On 
the other hwd, the chamber will not 
serve its purpose effectively unless it is * 
of such a size and shape that it will provide 
proj)er access and working space. Thus 


in the case of an iron drain above ^ound 
level a simple inspection opening in the 
pipe itself with a bolted cover is sufficient. 

If this drain should be, say, 12 in. 
Below ground level, it is clear that the 
same arrangement would suffice, but that 
it would be convenient to enclose it in a 
brick or concrete pit with an additional 
cover at ground level ; and that in the 
case of a stoneware drain open channels 
■ might be provided in such a pit. The pit 
could be of small dimensions because the 
pipes and channels would be reached 
easily by hand. 

With a deeper pit on a straight drain, 
greater length might be necessary in order 
to make possible the insertion of drain 
rods ; and if one or more side branc{;ies 
occurred, greater width might be required 
for the same reason. But as long as the 
ends of all pipes could be easily reached by 
hand, there would be no advantage in 
making the chambers of greater length or 
width than would be necessary for rodding. 

Manhole and Cover. The size and 
arrangement of the cover must, of course, 
be carefully considered with the same 
ideas in mind. Up to deptiis of about 
2 ft. 6 in. the chambers will therefore 
generally be of smdll size, but between this 
depth and a depth of about 5 ft. there 
are a variety of possibilities which may 
make it desirable to have larger covers, 
so that a workman can enter the chamber 
and work with his head above ground, or 
unobstructed by the roof of the chamber, 
with vision of the interior as required. 
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The chamber must in such cases be large 
enough to enable a man to sit or kneel 
when cleaning, working rods, or inserting 
plugs ; and be wide enough to give elbow 
room. It is a common error to make such 
chambers so that the work can be per- 
formed only with the greatest difficulty, 
if at all. 

Fixed dimensions are not applicable ; 
the size of the chamber and the arrange- 
ment of the cover must be dependent 
upon the positions of the drains and 
branches. With good design there will 
be an avoidance of unnecessary size and 
cost of construction, while there will be 
great saving in the cost of maintenance 
because all necessary operations can be 
carried out easily and quickly. 

Deep Chambers. With chambers 
exceeding 5 ft. in depth a working 
space is provided of the necessary area 
with a headroom of about 4 ft. above 
the cliannel benching. Access to the 
chamber is obtained by means of a shaft 
whidi sliould be at least 21 in. squall 
even for shallow depths ; while for 
greater depths it should be at least 2 ft. 
square. This shaft is carried up to the 
ground surface and should be provided 


with a cover having a dear opening not 
less than 21 in. square. 

Brickwork to Inspection Chambers. 

Inspection chambers are provided at 
changes of direction on the drainage 
system, thus avoiding the need for sharp 
bends in the pipes. They are built in the 
same manner as intercepting chambers 
(which see), but, of course, no intercepting 
trap is provided. The chamber should be 
constructed of good hard and impervious 
bricks, all the internal surfaces being 
cement rendered. The open channels at 
the bottom are made of half-section pipes 
and must be well benched up on each side 
so as to keep the chamber clean and 
prevent sewage adhering. An air-tight 
inspection cover is provided at the top. 
See Manhole. 

Access Chamber. In the case of iron 
drains below ground, the inspection 
chamber is of cast-iron and is enclosed in 
an access chamber built in brickwork and 
furnished with a cover in the usual way. 
The inspection chamber is sealed by an 
iron cover bolted to the flange with 
corrosion^resisting bolts and nuts, a 
greased felt washer being interposed to 
make an air-tight joint. See Manhole. 


INSPECTION CHAMBER IN CAST-IRON 

by D. Longden, M.R.San.l. 


Cast-iron inspection chambers (Figs, i 
to 6, p. 608) take the place of open stone- 
ware channel bottoms in manholes and, in 
addition, are used on suspended drains 
within buildings where the ordinary man- 
holes would be impracticable. 

Where drains cross fields it is not 
necessary to form manholes if cast-iron 
inspection chambers are used. Many 
consultants ask for a mark plate only, 
the ground being dug up to give access 
to the inspection chamber in case of 
emergency. In the ordinary way, how- 
ever, brick manholes are built around 
inspection fchambers, and it is essential 
that these be watertight so as to pn ' ent 
water percolating through the walls and 
collecting in the manhole. 

The standard cast-iron inspection 
chamber consists of a pipe with the 
ordinary spigot and socket but with a 
long opening in the centre, formed as it 
were by opening mit the pip)e and turning 
over at the top to form a flange. The 
flange has bolt holes and upon it is seated 


a greased felt washer made of blanket felt 
dipped in tallow. The cover plate fits 
exactly 'ver the flange, to which it is 
bolted L means of |-in. galvanized iron 
bolts and nuts, J-in. gunmetal bolts and 
nuts • or by |-in. manganese bronze bolts 
and gunmetal nuts. 

GaJvanizcd-iron bolts should be avoided ; 
the threads cannot be galvanized, and 
they corrode very rapidly in the atmo- 
sphere of the manhole. Manganese bronze 
bolts and gunmetal nuts are exceedingly 
strong and do not corrode. When jointed, 
the inspection chamber is thoroughly gas- 
tight and is capable of withstanding con- 
siderably more than the test pressure of 
5 ft. head. 

Stock Sizes. Inspection chambers 
are made without and with branches ; 
those without branches and those with 
one branch having a clear opening of the 
diameter of the pipe by 12 in. long. A 
chamber with one branch, or one branch 
on each side, is of the same size and 
thereafter branches arc at lo-in. centres. 
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The flange is 2 in. wide all round, and the 
spigot is 8 in. long from the outside of the 
flange. 

Inspection chambers are stocked by 
merchants in forty-three varieties, each 
of 4 in. X 4 in. and 6 in. x 4 in. sizes. 
There is a considerable selection of 5 in. x 
4 in., 9 in. x 4 in., 9 in. X 6 in., and 9 in. 
X 9 in. sizes ; but in the case of 9-in. 
chambers the stocks u.sually available have 
one branch cmly , or one branch on each side. 

Tlie standard angle of branches is 135 
deg., although, in single-branch chambers 
of 4 in. diameter, 90 deg. and 112^ deg. 
are obtainable. The angle of 135 deg. is 
most suitable, because the branch i given a 
good run into the main, and standard bends 
affecting direction and inclination can be 
applied to meet the i)oint of origin of the 
branches. 

Inspection chambers may be s]')ecially 
cast with bottom outlets (Fig. 2), of which 
more is said in the article on Intercepting 
Chamber [which sec). 

Other special features which can be 
applied to inspection chambers are bent 
inlets (Fig. 3) and bent spigot outlets 
(Fig. 4) ; both of these save the use of a 
bend on the consequent joint, but 
hamper rodding. Reducing .socket inlets 
can also be cast on, and these should give 



INSPECTION CHAMBERS. Figs. 1-6. Cast-iron 
Inspection chambers : (1) horizontal outlet and bolted 
cover, stocked 4 in. x 4 In., 6 In. x 6 in., and at 135 deg,; 

(2) vertical or bottom outlet, stock angle 135 deg. ; 

(3) bent inlet socket ; (4) bent spigot outlet ; fS) curved 
chamber with bolted cover, stocked 4 in., 5 in., and 
e in. diameters, and at 90 deg., 95 deg., 100 deg., 
112^ deg. ; (6i curved chambers with bolted cover, 
stocked 4 in. X 4 in.. 5 in. x 4 in., 5 in. x 5 in., 6 In. 
X 4 In., 6 In. x 6 in., and at 135 deg. {Burn Bros., Ltd.) 


a level invert, a cascade effect being 
objected to by some authorities. In 
addition to the straight chambers men- 
tioned, others curved to 90 deg., 95 deg., 
100 deg., 112J deg., and 135 deg., are 
obtainable (Fig. 5) ; and one branch 
may be cast on each side, as Fig. 6. 
Curved inspection chambers are stocked 
4 in., 5 in. and 6 in. diameter. 

INSTITUTE OF PLUMBERS. The 

Institute of Plumbers, founded in 1907. 
has for its principal objects the promotion 
and protection of the plumbing craft. To 
that end it has established contact with 
such Gov^ernment departments as the 
Ministry of Health and the Board of 
Education, and by means of its technical 
publications is recognized by local 
authorities as the technical body with 
authority to represent the master plumber. 

Recognizing that efficiency must depend 
on the sound training and education of 
the whole personnel of the craft, it co- 
operates closely with the City and Guilds 
df London Institute [n^hich sec), and has 
strongly supjiorted schemes of indentured 
apprenticesliij). 

Its membership consists of four classes : 

Fellows (Fellow l.O.P.) — a distinction awarded 
for very distinguished service to the Institute. 

Honorary Members — awarded for s])ecial 
servic(J to the craft. 

Elected Members (M.T.P.)— l^lastor Plumbers, 
who satisfy the Council as to their status and 
elliciency. 

A.ssociated Members (.\.M.T.1\) — IVrsons, not 
being Master i lumbers, who satisfy the Council 
as to their attainments, special knowledge of 
and connexion with the craft. 

Throughout its existence the Institute 
has increasingly been concerned with the 
varying inter] )retations of the standards 
laid down in sanitary and water by-laws. 

Imrther, although the Ministry of Health 
issues model by-laws, the.se cannot be 
expected to set out the detailed manner 
in which such work should be carried out. 

In 1930 the Institute set up a special 
Committee to draw up Minimum Speci- 
fications [which see) for plumbing work. 

This Committee's work includes the 
following Specifications : 

No. I. For the Installation of Soil, Waste 
and Ventilating Pipes (including 
the One-Pipe System of Plumbing) . 

No. III. Drainage Work in Connexion with 
Buildings. 

No. IV. The Installation of Hot and Cold 
Water Services (inch No. II). 

purchasable from the Institute. 

The Institute also closely collaborates 
with the British Standard Institution. 
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It administers the J. P. Cox Memorial 
Prize Kund and presents medals and prizes 
on the results of the City and Guilds 
Examinations. It also awards a Technical 
and Administrative Diploma on an exami- 
nation based on a knowledge of the 
problems of an employer’s business in all 
its aspects. particulars arc available 
from the offices of the Institute at 8i, 
Gower Street, London, W.C.i (Secretary, 
H. Blackman, B.Sc., E.R.Econ.Soc.). 

INSTITUTE OF WELDING. 

Founded in 1923 to promote the advance- 
ment of the science and practice of welding. 
It has a comprehensive library of welding 
literature and provides a technical in- 
formation service and an Appointments 
Register. There are 20 branches and 
sections in the United Kingdom and one 
in India. Meetings are held regularly in 
London and the chief industrial centres. 

The Institute publishes Transactions 
and a " Handbook for Welded Structural 
Steelwork.” It is a Founder Member of 
the Luvjiij Alional Institute of Welding (tf 
which its Secretary, Mr. G. Parsloe, 
2, Buckingham Palace Gardens, Bucking- 
ham Palace Road, London, S.W.i, was, 
in 1948, the Secretary General. 

Membership. The Institute includes : 
Members; Associate Members; Industrial 
Corporate? Members (companies and (inns) ; 
Companions ; Graduates ; Associates and 
Students. Admission for Associate Mem- 
bers, Graduates and Students is by ex- 
amination held in January and July ench 
year. Qualifications and terms of appoint- 
n-i^nt are obtainable from the Secretary. 

INSTITUTION OF ELECTRICAL 
ENGINEERS. Founded in 1871 as the 
Society of Telegraph Engineers which 
became in 1888 the Institution of Electrical 
Engineers and was granted a Royal 
Charter in 1921. Its premises, acquired 
in 1909, arc on the Embankment at 
Savoy Place, W.C.2. Its objects as set 
out in the Charter are : 

To promote the general afivanceincnt of 
IClfCtrical Scionre and Kngint?ering and heir 
applications, and to facilftatc the exchanf,c of 
information and ideas on these subjects by 
means of meetings, exhibitions, publications, 
the establishment of libraries, the giving of 
financial assistance for the promotion of inven- 
tion and research. 

The Institution holds meetings at 
which papers are read and discussed but 
equally important work is done by the 
Council and its Committees, including the 


Wiring Regulations Committee, and the 
Ship Electrical Equipment Committee, 
both of which include persons from outside 
the Institution. Important sections are 
those concerned with Measurements; 
and Radio Supply and Utilization. Students 
and Graduates meetings for reading and 
discussion of papers are held in London 
and 15 other centres. 

The Institution works for the advance- 
ment of electrical engineering science and 
the improvement of practice. Although 
the famous wiring regulations of the 
Institution {see I.E.E., Regulations) do 
not posse.ss legal force their observance is 
obligatory in the circumstances explained 
in page 597. The Institution is responsible 
for Regulations for the safe and efficient 
wiring of premises for lighting, heating 
and power. Regulations for the electrical 
equipment of ships and aircraft, and 
has advised the Ministry of Fuel and 
formerly the Electricity Commission, on 
draft Regulations for overhead electric 
lines. As one of the constituent bodies of 
the British Standards Institution and of 
the International Electrotechnical Com- 
mission, fhe Council .support the issue of 
Standard Specifications. 

Since its earliest days the Institution 
has been interested in research and is now 
closely linked with the British Electrical 
and Allied Industries Resc'arch Association. 
The Institution is vitally interested in the 
education and training of engineers and 
collabo, j?tes with the M inistry of Education. 

The ' stitution has a Library of about 
20,000 olumes with a lending section, 
and publishes Proceedings, a monthly 
journal, and “ Science Abstracts.” 

Membership of the Institution in- 
cludes : Members ; Associate Members ; 
Companions ; Associates ; Graduates and 
Students, the total in 1948 of all classes 
being 33,588. Corporate Members, i.e. 
Members and Associate Members have 
exclusive use of the letters M.I.E.E., and 
A.M.I.E.E., respectively. Members of these 
two classes have also the right to the 
title of Chartered Electrical Engineer. 

INSTITUTION OF GAS EN- 
GINEERS. Founded in 1863. incorporated 
in 1902, and granted a Royal Charter in 
1929, with premises at i, Grosvenor 
Place, London, S.W.i. Its chief aims are 
to bring about both practical and scientific 
improvements in the gas industry, and to 
increase the application of gas to lighting, 
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heating, production of power, for domestic 
and industrial uses. 

The Institution has set up a number of 
committees dealing with research and 
technical investigation. These committees 
draw up or assist in drawing up Specifica- 
tions, Codes of Practice and the like. 

Tables from the Institution's Report on 
** Gas Installations ” (published 1944) are 
reproduced in our pages, by permission. 

The Institution has schemes of educa- 
tion, operated at many colleges throughout 
Great Britain, catering for the needs of 
gas engineers, gas salesmen, and gas fitters. 

Membership. The Institution in- 
cludes six classes of members. Members 
are required to hold the Diploma of the 
Institution or a specified degree ; Associate 
Members and Associates the Higher Grade 
Certificate or other qualifications approved 
by the Council. Examinations are held 
every year for the Diploma, Higher Grade 
Certificate or the Ordinary Grade Certifi- 
cate required for Students. 

INSTITUTION OF HEATING 
AND VENTILATING ENGINEERS. 
Founded in 1897, and now estajplished at 
75, Eaton Place, London, S.W.i, its 
object is to promote the science and 
practice of Heating, Ventilating, Air 
Conditioning, Drying, IDomestic Hot Water 
Supplies and all branches of engineering 
kindred thereto. There are seven pro- 
vincial branches established in the United • 
Kingdom, with a London Associate 
Members' and Graduates' Section. 

Membership. The Institution consists 
of Honorary Members, Members, Associate 
Members, Associates, Graduates and Stu- 
dents. The Council elects to honorary 
membership only those persons of eminent 
scientific attainments or such distinguished 
persons who have rendered special services 
to the Institution. Members are persons 
who have qualified for Associate Member- 
ship and have acquired an established 
reputation as heating or ventilating 
engineers; Associate Members are pei.>ons 
who have passed the Institution ex- 
amination or an exempting examination 
and have received an approved train- 
' ing and have held a position of technical 
responsibility in heating and ventilating 
or a branch of engineering closely allied 
technically thereto. • 

Associates are persons engaged in respon- 
sible positions in the science or practice of 
heating or ventilating engineering, but 


not qualified for corporate membership. 
Graduates are persons not under the 
age of 21 years, who are in the process 
of qualifying for Associate Membership 
and who have passed the graduateship 
examination. Students are not under 
16 years of age and have satisfied the 
Council that they are receiving approved 
training in practice and theory. 

Examinations. The associate member- 
ship examination consists of two parts. 
The first covers technical drawing, calcula- 
tions and mensuration, and mechanics and 
physics applied to heating and ventilation ; 
the second covers heating and hot water 
supply, central station layout, ventilation 
and air conditioning, and calculations, lay- 
out and performance tests. The graduate- 
ship examination covers drawing, calcula- 
tions and mensuration, mechanics and 
physics, elementary principles of heating 
and ventilation. 

Library and Publications. Members 
may use the library for reference and for 
tjie borrowing of books. 

The monthly Journal and the Guide to 
Current Practice are issued free to mem- 
bers. Extracts from the latter in booklet 
form may be purchased. 

INSTITUTION OF SANITARY 
.ENGINEERS. Founded in 1895 and 
incorporated in 1916, with premises at 
118, Victoria Street, London, S.W.i. 
The main objects are to promote the 
interests of the profession, to raise the 
status of its members, and to encourage 
a high standard of proficiency. The 
Institution undertakes to consider all 
problems affecting the profession 'to 
take any steps necessary to support, amend 
or oppose any Act of Parliament or regula- 
tion affecting it ; to encourage honourable 
practice and to suppress malpractice. 

A library and an information bureau are 
open to members. Papers and books are 
published and printed, and a Journal is 
issued quarterly. Sessional meetings are 
held in London during the winter for the 
reading of papers, and during the summer 
visits are arranged.- 

Examinations. The Institution grants 
medals and certificates of competency in 
professional knowledge. Examinations 
are conducted twice a year, viz. in May 
and November, for the Associate Member- 
ship and Membership grades. They are 
held in London and are also held at centres 
in the provinces and overseas as may be 
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necessary. i iicse examinaiions cover 
general education ; sanitary science ; 
water supply ; drainage and sewerage ; 
sewag6 and refuse disposal ; building con- 
structions ; specifications, quantities and 
estimates ; lighting, heating and ventila- 
tion ; setting out and supervising works ; 
surveying ; and sanitary law. They are 
accepted by local authorities and others as 
evidence of proficiency. 

Grades of Membership. There are 
six grades of membership. Of these. 
Fellows, Members and Associate Members 
are corporate members ; whilst Honorary 
Fellows, Associates and Students do not 
share in the full privileges of corporate 
membership. An Honorary Fellow is 
distinguished for his service to the cause of 
public health or the progress of sanitary 
science. The number is strictly limited. 
Fellows are promoted by the Council 
from the grade of Members for out- 
standing merit in the profession. Mem- 
bers and Associate Members must have 
passed the Institution's qualifying ex- 
amination or such other examination as 
may be accepted by the Council. Appli- 
cants for the Studentship grade shall be 
studying sanitary engineering and shall 
have passed the Common Preliminary 
Examination of the Engineering Joint 
Examination Board or have a qualification 
exempting therefrom. 

INSULATING MATERIAL It is 
difficult to define an insulating material 
(also called an insulator or dielectric), 
because there is no hard-and-fast dividing 
Ime between materials of this class and 
electrical conductors. In the early days 
of electricity it was thought that there 
was such a dividing line and that insulating 
materials did not conduct electricity, but 
it is now known that all materials are 
conducting when a voltage is applied, 
though the current flow may be infinitesimal. 

Insulating material is used to separate 
live conductors from one another and from 
earth, thus preventing short circuits ; and 
to prevent danger to life by accid tal 
contact with live metal. 

When forming the dielectric of a con- 
denser it has an additional function, for on 
being put into a state of strain by an 
applied voHage it stores an electric charge 
for a greater or Jess time. 

Insulating materials are both numerous 
and diverse and include most, but not all 
(e.g. electrolytes) of the non-metallic sub- 


stances. They may be gaseous, liquid or 
solid. No single insulating material has 
such a combination of properties that it is 
of universal application, and in deciding 
on a material for a particular purpose a 
compromise often has to be effected. 

High electrical strength is not the sole 
criterion of a good insulator ; mechanical 
properties, workability, resistance to heat 
and moisture, and method of application 
are usually of equal importance. Some 
materials {e.g. paper and cotton) are 
hygroscopic (i.e. absorb moisture from the 
air) in their natural state, and it can be 
taken as a general rule that the presence 
of moisture lowers the electrical strength 
of the material. To overcome this defect 
such materials may be dried and impreg- 
nated with an insulating material — var- 
nish, oil, or bitupiinous material. The 
simplest method is to air-dry in an oven 
and then dip in the desired medium. In 
the case of varnish impregnation this may 
be follow'cd by baking, according to the 
nature of the varnish and the directions of 
the manufacturer. Better results are ob- 
tained a the articles are dried under 
vacuum and impregnated under pressure. 

Many insulating materials will not stand 
a high temperature for any length of time, 
and if so exposed become charred or 
crumbly, and cease to serve the purpose 
for which they were employed. Others 
“ track " when subjected to an arc or 
spark. This track conducts at a lower 
voltagi- dian the original substance and 
may so( . . n' or later lead to complete break- 
down of the material. 

It is impossible in a short compass to 
describe all the various insulating materials 
and their properties, but a few typical 
ones are described below. 

Gaseous. The most important gas 
used for insulating purposes is air. This 
is universally available and, except when 
in a state of ionization, has infinite resist- 
ivity. Nitrogen is used for gas-filled cables 
and capaciti'fs and in high-wattage elec- 
tric lamps. Argon is also used in electric 
lamps. Hydrogen is used as an insulating 
and cooling medium for large alternators. 

Liquid. The only liquids used to any 
extent as insulators are refined mineral 
oils. These are used mainly for trans- 
formers and switchgear. ' 

Semi-fluid and Fusible. These are 
used for filling cavities both large and 
small (for example in certain types of 
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transformers and switchgear, and in 
junction and sealing boxes) for impregnat- 
ing porous and hygroscopic materials ; for 
bonding laminated materials ; and for 
moulded compositions. 

Some of the fusible materials arc thermo- 
plastic (i.e. they soften with heat and 
harden on cooling — the process being 
repeatable) ; others are thermosetting (ix. 
after undergoing a heating cycle they 
become f)crmanently hard). 

Bitumens are very water resi.stant and 
have good electrical properties. Bitu- 
minous compounds are available with a 
great variety of physical properties. (One 
manufacturer lists over a thoisand.) 
High melting point compounds tend to be 
brittle at ordinary temperatures. 

All have a high coefficient of expan.sion 
and care must be tajeen in filling and 
cooling to prevent voids and cracks. 

Waxes. Natural and synthetic waxes 
are fre(]uently employed for impregnating 
condensers and radio coils. 

Thermo-Plastic Resins. These soften 
when heated within a certain range of 
temperature, and may be cast, formed, 
moulded or extruded. 

As examples of this class may be men- 
tioned Polythene (Alkathcne), a general 
name for a series of wax-like substances 
readily moulded by injection or extruded 
as tubes or coverings on wires and cables. 
Chiefly used for bigh voltage and high 
frequency work, such as radar. 

Polyvinyl acetate (derived from acety- 
lene or cracked petroleum gases) used as 
an adhesive and when treated with forma- 
lin produces a material for covering wire 
and bonding veneers. 

Polyvinyl chloride (P.V.C.) when suit- 
ably compounded produces rubberlike 
substances which are suitable for covering 
wires and cables. Being extensively used. 

Nylon. The electrical properties of this 
class of material are not high, but are better 
than those of natural fibres. When sTiit- 
ably modified is used for producing syn- 
thetic enamelled wire. 

Thermo-Setting Resins. The earliest 
^synthetic resins of this class are of the 
type generally but inaccurately referred to 
as Bakelite (although this is a registered 
trade name) and sometimes as phenol 
formaldehyde resins, after the raw ma- 
terial of their manufacture. They are 
available in a wide range of characteristics 
and may be syrupy liquids or, more usually, 


solids of low softening point. Depending 
on the process of manufacture the curing 
time (ix. the time required to make per- 
manently hard and insoluble) varies from a 
few minutes to several hours. In the 
soluble form they may be used for coating 
paper or fabric or bonding laminated 
material (which may subsequently be 
cured, or used for making varnish). 

Their widest application is, however, in 
the manufacture of moulded materials and 
articles when used to bond suitable fillers 
such as finely ground wood-flour, or pow- 
dered mineral (such as mica) or asbestos. 

Bakelite mouldings have found a great 
varietv of uses. 

A newer material which has better re- 
sistance to heat and tracking than the 
bakelite type, combined with good resist- 
ance to moisture, is being marketed under 
the trade name of “ Melmac." 

Silicones are an entirely new class of 
material which has lecently been pro- 
duced, able to withstand high ternpera- 
ttires almost indefinitely. 

Solid Materials. Mica and slate and 
marble are among the oldest of natural 
inorganic solids to be used as insulating 
materials — the two last being used for 
switchboards and terminal boards. Mica 
is now chiefly used in the form of bonded 
sheets or flakes and may be also obtained 
stamped as washers or pressed and moukk'd 
as bushes or formers. Iilectrical porcelain 
finds a variety of uses from fu.se?holdors to 
bushings (ix. Insulators), for w'hich pur- 
pose steatite or Pyrex are also us(,‘d. 

Cotton and Silk Topes find many applicj*- 
tions in the winding of coils and other parts 
of electrical machines. These may either be 
pre-treated or impregnated after winding. 

Press-board is made by a paper making 
process on a board-machine from suitably 
selected fibres, and is used chiefly for 
transformer insulation and for slot liners. 

Laminated Boards arc made by subjecting 
sheets of paper or fabric, bonded tog(?ther 
by natural or synthetic resms to high 
pressure ; they arc used for instrument and 
other panels, ternfinal boards, and end 
cheeks. — R. A. Baynton, B.Sc.,A.M.I.E.E. 

INSULATION: Heat. The theoretical 
considerations are dealt with under the 
heading Heat Loss, and a Table giving the 
' conduction coefficients of a number of 
materials is printed in the article on 
Heating : (i) Theory. For the practical 
work of insulating, see Lagging. 
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INTERCEPTING CHAMBER AND INTERCEPTOR 

By H. C. H. Shenton, F.R.San.l. 

Describing the functions of the interceptor and its use in disconnecting the house 
drains from the sewer. The requirements for the intercepting chamber are 
outiined, with notes on the brickwork. For cast-iron interceptors and chambers, 
see the section immediately foliowing. Sec Drains and Drainage : (I) Principles ; 
Garage Drain ; Inspection Chamber ; Manhole : also Plate facing page 304. 


Intercepting chamber is a term applied 
to the last inspection chamber on the main 
drain of a house system when it contains 
an intercepting trap (or “ interceptor *') 
for the exclusion of sewer air. The 
object of this chamber is to provide access 
to the trap for cleaning and inspection ; 
and also to make it possible to clean the 
connecting drain which runs between the 
interceptor and the sewer, by means of a 
rod passed through a cleaning eye on a 
special arm with which the trap is pro- 
vided. 

The intercepting chamber is generally 
placed at or near the boundary of the 
property, in order that the length of 
unventilatcd drain between the trap and 
sewe: muj< be as short as possible. The 
trap of the interceptor has a water seal. 

Disconnexion. Where house drains 
are connected to foul sewers or to cess- 
pools it is essential to exclude foul gases 
which would otherwise find a free outlet 
from the house vent pipes ; but where good 
modern sewers exist the interceptor is often 
omitted in modern practice.* It is held 
that the trap may retain solid matters 
which may become septic and produce 
noxious odours, and that in the event of 
any large object finding its way into the 
drains, blockage is likely to occur at the 
trap. Such blockages, or partial blockages, 
often do occur when such objects as 
scrubbing brushes, sponges, cloths, etc., 
enter the house drains through w.c. 
traps ; and formerly solid blockages 
consisting of hairpins used to cause 
trouble in large establishments where 
many women were emploj^ed. 

There is considerable danger when an 
intercepting trap is partially blocked, 
because in that case the house drains 
stand full of putrefying sewage v.nich 
seeps away slowly through the trap ; 
since the drains still function after a 
fashion, the defect which may not be dis- 
covered for a considerable time. This is 
one of the reasons why intercepting# 
chambers should be inspected periodically 
and why the traps should be kept clear. 

Clearing Facilities. While it is 
desirable for flushing purposes to have a 


fall of three inches or more between the 
drain invert and the level of the water in 
the intercepting trap, this is not- always 
possible, and traps are therefore used in 
which the inlet and outlet are at the same 
level. As the inlet to the trap is open in 
the intercepting chamber, all necessary 
clearing of material from the trap is done 
from the house side. There is a clearing 
arm, forming part of the interceptor, 
situated at a higher level and used for the 
passage of the rods and brushes when the 
drain beyond the interceptor is cleaned. 
On this arm an air-tight removable stopper 
is provided. Much trouble has been 
caused by the removal of such stoppers, 
which in the past were generally made of 
stoneware and were cemented in place, or 
provided with a bituminous joint. 

Experience proved that when the 
stopper ^as removed for cleaning purposes 
it was often broken and not replaced ; 
also that it was sometimes forced out of 
place by gas pressure from the sewer, or 
was treated carelessly by workmen, with 
the result that while the sewer ventilated 
freely into the house drains the trap was 
blocked because the •stopper had been 
allow^'.l to fall into it. Thus in modern 
practii i galvanized iron or metal stopper 
is provi led of such a type that it can be 
opened from the top of the chamber by 
means of a chain. This serves the double 
purpose of ensuring a tight joint and of 
providing an outlet for the escape of 
sewage in the event of the hou.se system 
being flooded by blockage of the trap. 
The ivTinimum Specification No. ill” 
(Inst, of Plumbers) recommends that the 
trap be set so that socket of redding arm 
is inside fini.shed face of manhole wall. 
See Fig. r.n Plate f.p. 304. 

Ventilation. The efficient ventilation 
of the interceptor chamber is important. 
As the interceptor is located at the lowest 
point on the drain an inlet of fresh air 
is necessary in order to provide thorough 
ventilation and prevent air pre.ssure. A 
special fresh air inlet pipe is therefore 
provided, unless a well-ventilated branch 
drain enters the chamber in addition to 
the well -ventilated main drain. 
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INTERCEPTING CHAMBER. Fig. 1. Section through 
brick intercepting chamber showing interceptor and 
open half-section channel. (See also Drains, Plate 4.) 

In some cases it is desirable to insert an 
interceptor between the rainwatei^ drainage 
system and the house drain, or between 
the drains of a dwelling house and that of 
buildings on the same property containing 
particularly noxious wastes (such as the 
drainage of an infectious hospital). The 
interceptor in that case sometimes takes 
the form of a sinjjple trap between two 
adjoining manholes, no cleaning eye or 
branch then being necessary because the 
trap and the inlet and outlet drains are 
accessible from both sides. 

Brick Chambers. A typical brick 
chamber is shown in section by Fig. i. It 


is built in 9 in. brickwork, cement 
rendered internally, the top three 
^ courses being oversailed to reduce the 
4] size of opening to take the manhole 
cover. The Fig. 3, p. 613, shows a 
cast-iron intercepting chamber in 

brick-built access chamber; another 

is illustrated in Fig. 4, p. 613. 
In this case the drain itself is 
sealed by the covers bolted on to 
chamber and interceptor respectively, 
and so is completely isolated from 
the brick pit or access chamber (see 
Manhole). 

Petrol Interceptor. This is in- 
stalled at garages in order to hold 
back oil and petrol which may enter 

r the garage drain, and also 
{ retains mud washed from 
small establish- 
''"1^ ments interception can be 

^ provided by a deep-seal trap 

gully with a perforated bucket (Fig. 2). 
The bucket is filled with coke to trap 
and hold back the oil and grease. When 

this becomes 

choked it can ■■ 

be burned or 
removed as 
trade refuse. 

On larger j.'- • ; vj 

garages .a 

three- 


M 1: ; . -V ■ I 

Jr.-.-o-o-O’."* 1 - • I 

%vi“oV?.vr- 

T.Vi.V.J— w 


chamber in- 
terceptor of a 

murh more 2. Deep-seal trap gully as 
mucn more interceptor : with perforated 

elaborate sediment pans, access cover Inside. 

. and heavy gratings. 

typeis T. * ^ 

needed. This is described and illustrated 
under Garage Drains. 


INTERCEPTING CHAMBER AND INTERCEPTOR IN CAST-IRON 

By D. Longden, M.R.San.l. 


The intercepting chamber at the out- 
fall of a drain may consist of the inter- 
ceptor only, provided this has sufficient 
access and no branches have to be collected 
immediately behind it. The standard 
arrangement of an intercepting chamber 
is shown in Fig. 3 ; if the drain is sus- 
pended within the building the arrange- 
ment is the same, but the brickwork, 
concrete and manhole cover over are 
not required, of course. 

The interceptor here shown is suitable 
if an interceptor only is used, since there 
is a clearing arm for the sewer connexion. 


a clearing plate for access to the trap and 
for rodding the drain, and in addition a 
vent socket (which may be cast on either 
side). This socket may be used to receive 
a ventilated drain, as most local authorities 
do not insist upon* the use of an F.A.I. 
if two ventilated drains meet at the 
interceptor. The plates and washers are 
secured in the same way as the cover of 
^an inspection chamber (which see). 

Bottom Outlet Chamber. In 
conjunction with a standard trap this is 
frequently used for the intercepting 
chamber (Fig. 4). It has the advantage 
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of reducing the size of the 
manhole and facilitating a 
change of direction. 

Interceptors. These are 
generally stocked in 4 in., 

5 in., 6 in. and 9 in. dia- 
meters. The effective 
lengths are approxi- 
mately : 4 in. dia. 

— 21 in.; 5 in. dia. 

— 23 in. ; 6 in. dia. 

— ^25 in. ; 9 in. dia.— 

33. The water seal 
is 2 in. in all sizes. 

Interceptors are shaped to 
cause as little restriction to 
the flow as possible, and 
to assist the flow there is 
a cascade or drop of i in. between inlet 
and outlet. 

The interceptor shown by Fig. 3 is 
probably the best type, because of the 
cleaning facilities pro- 
vided. By way of con- 
trast. shows a 

type frequently used 
but having many dis- 
advantages. There is no 
access other than the 
rodding eye to the sewer 
and it is im 



INTERCEPTING CHAMBER. Fig. 3. Stan- 
dard access arrangement for an intercepting 
chamber. The trap is provided with a flanged clearing arm and cover. 
A separate cover gives access to the trap, and a socket is provided on 
the side for the connexion of a fresh-air inlet. 



connexion, ana it is im- Fig. 4. c.-i. 
possible to reach the wi^rsTaidarrfrJp. 

base of the trap from • 
an inspection chamber fixed behind. The 
clearing arm is fitted with a cast-iron 
stopper plate, bridle and gunmetal screw. 


which arrangement is inferior to the bolted 
cover shown in Fig. 4. 

Connecting to .Stoneware Channel. 
If a cast-iron interceptor is required to 
connect to a stoneware 
channel, that shown in 
Fig. 6 is suitable, since 
it has an inlet socket 
specially formed to re- 
ceive the channel. 

Releasing Stoppers. 
The clearing arm should 

intercepting chamber with bottom be fitted with a braSS 

cast-iron clencher 
stopper (Fig. 8), with 
releasing chain secured near the top of the 
manhole. In the cventpf a stoppage in the 
interceptor and the consequent filling of the 
p. nhole, water can run away through 
tx clearing arm when the stopper 
is released. 

Reverse Arm Interceptor. 

Interceptors are often fixed in 
places other than the outfall of the 
drain, notably to serve as master 
traps where rainwater or waste 
drains connect to soil drains. This 
type is known as the “ reverse arm '' 
interceptor (Fig. 7) because the 
clearing arm is in the reverse 
direction to the ordinary type. The 
interceptor illustrated has a top 
socket, which may be continued to 
the surface as a vent or to receive 
a gully inlet. If neither of these is 
required it may be plugged off and 

Fig. 5 . InterceptingTrar providing accett to tewer Annexion USed foT clearing Only. 
only through rodding Mii and with bate Inaccettlble from chamber mtcrceptors are made 4 m. and 6 in. 
behind. Fla. 6. C.-i. infbrceptor to take stoneware channel. Fig. 7. i j u xu 

Interceptor with reveree clearing arm and top socket. Fig. 8 . Only, and Were mUCh USed by the 
Clencher stopper with releasing chain for clearing arm. Ministrv of Works. 

Burn Bros.. Ltd J 
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IRON: VARIETIES AND CHARACTERISTICS 

By W. F. Chubb, Ph.D., B.Sc. 

Cast-iron is dealt with in this work under its own heading, on account of its prime 
importance and the many applications to sanitary and domestic engineering. In 
the present contribution other varieties of the metal are reviewed, and the 
manufacturing processes briefly explained. See also Alloy ; Steel. 


The exact date ot discovery of iron is 
not known but the fact that it was a manu- 
factured metal early in history is proved 
the discovery of an iron-bladcd dagger 
in Tutankhamen’s tomb, a gift from a 
Hittite monarch. This means that iron 
was in use in 1360 b.c. and even earlier. 
Iron does not occur in nature in the 
metallic form except in the < ase of 
meteorites, which are alloys of iron with 
nickel and other metals. Its extraction 
from its ores involves heating the oxide 
ores of iron with carbon in the form of 
coke and this produces a very impure 
tyi^e of iron containing carbon and silicon 
as the chief impurities. This product is 
called " pig iron ” and provides the basis 
for the manufacture of steel, cast-iron and 
wrought iron. 

Characteristics. As iron is the most 
important and the mo.st widely ifted of all 
the metals, details as to physical properties 
may be given. In the pure state — which 
may, however, only be realized by the use 
of very special methods of purification — 
iron is a grey metal of density approxi- 
mately 7’8, its melting point is 1,530° C., 
and it may be made to boil in the electric 
furnace at a temperature of 2,450° C. It 
lias a high tensile strength of about 
20 tons/sq. in., is tough, and conducts heat 
and electricity, although its conductivity 
IS at best only one-sixth to one-seventh 
that of pure copper. 

Iron is malleable and can be bent to 
almost any desired shape both when hot 
and when cold. Impurities such as 
carbon and silicon have a pronounced 
influence on its properties. Thus the 
presence ot carbon increases the hardness 
of iron and in addition conveys to^’ it 
power of hardening when quenched in oil 
or water from a sufficiently high tempera- 
ture. For instance, if pure iron is plunged 
'into water from a temperature of 950° C. 
it will exhibit little or no increase in hard- 
ness, but if I per cent, of carbon be present 
the metal, when similarly treated, hardens 
very intensely and can then in fact be 
used as a tool for cutting steels and other 
materials in the lathe. Further increases 


in the carbon content induce brittleness, 
but at the same time the melting point 
is lowered very considerably, the metal is 
made very much more fluid, and is then 
suitable for casting purposes. It is then, 
in fact, cast-iron. Silicon added to iron 
increases the strength and hardness of the 
metal, but not to the same extent as 
carbon. 

The chief disadvantages of iron as a 
material of construction are, firstly, that 
it is not sufficiently strong of itself for 
modern requirements, and secondly, that 
it is easily corroded or rusted by moist 
town atmo.spheres,. particularly in manu- 
facturing centres where the air may con- 
tain sulphurous gases. The material is 
therefore alloyed with other suitable 
metals such as nickel, chromium, tungsten, 
etc., for the purposes of increasing its 
strength, and these alloy additions also 
have beneficial influences upon its resist- 
ance to atmospheric corrosion. Owing to 
its strongly magnetic behaviour, however, 
iron is still used to a limited extent in 
the pure condition in laminated forms 
^ for the cores of electric transformers, al- 
though iron-nickel alloys are more gener- 
ally preferred. 

iron is known to exist in three or four 
forms. At ordinary temperatures it is 
magnetic, but on heating it loses its 
magnetic properties at a fairly well- 
defined temperature of 765° C., so that 
above this temperature iron is non- 
magnetic. At about 900° C. it changes 
into yet a third form which has the 
remarkable property of dissolving carbon, 
whereas below the temperature mentioned 
iron will not dissolve more than a very 
limited amount of carbon. On heating 
further to about 1,400° C. it changes again 
into a fourth form. , 

Controversy has, however, existed 
amongst metallurgists as to the exact 
mechanism and meaning of these changes 
in its properties, for X-ray examination 
jreveals only two crystalline forms of 
metallic iron. These changes are, of 
course, of little consequence to the 
plumbing and decorative trades, but they 
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are of very great importance to Industry 
generally, since upon these changes in the 
constitution of iron is based modern theory 
and practice of hardening and tempering 
steels of all types. 

To summarize, the chief physical pro- 
perties of iron are given in the accom- 
panying table : 

Atomic weight . . . . 55*84 

Chemical symbol . . Fe 
Specific gravity . . 7-8 

Specific heat .. .. o'lig 

Electrical conductivity 17 per cent. 

Thermal conductivity 16 per cent. 

Melting point . . . . 1,530° C. 

Boiling point .. .. 2,450° C, 

Brinell hardness . . 90 

Tensile strength . . 20 tons/sq. in. 

Elongation in 2 in. . . 40 per cent. 

Wrought Iron. The starting point in 
the manufacture of wrought iron is pig 
iron, which in view of its method of pro- 
duction contains 3 to 4 per cent, of carbon, 
and silicon up to about 3 per cent. To 
bring p^g iron to the more malleable form 
of wrought ijim it is necessary to remo>fe 
its carbon and reduce the silicon to very 
low percentages. This is achieved by 
heating the pig iron to bring it to a pasty 
condition, when it is worked into the form 
of balls on the liearth of a pniddliag 
furnace. In the process both tlie silicon 
and carbon are largely oxidized away and 
the balls are then subjected to hammering 
and squeezing under powerful pres.ses in 
order to squeeze out a large proportion of 
the .slag so formed. The whole of the s!pg 
is not, however, removed by this treat- 
n»ent, so that a certain amount of the slag 
remains in the iron and is elongated 
during the mechanical treatment, thus 
appearing in the finished product as 
streaks. It is in fact to the streaks of .slag 
that the fibrous fracture of wrought iron 
is due. 

Wrought iron is generally of very low 
carbon content, namely, 0*05 to 0*2 per 
cent., but occasionally a wrought iron 
may be fotlnd with a carbon content of 
up to 0-3 per cent, so that the ma nal 
is somewhat variable ih composition, ihe 
impurities are not uniformly distributed, 
and hence the mechanical properties are 
likely to vary in the same bar or sheet. A 
good quality wrought iron will never- 
theless possess a tensile strength slightly 
superior to that of iron itself owing to the 
presence of the carbon as well as to the 
presence of manganese which is nearly 


always found. Owing to the slag streaks 
the ductility of wrought iron is lower than 
that of pure iron and hence typical figures 
are 22 tons/sq. in. for tensile strength, 
22*5 per cent, for elongation, and about 
5.5 per cent, for reduction of area. 

either imjmrities inevitably found in 
wrought iron are manganese, sulphur, and 
pho.sphorus. These are derived from the 
original ores u.sed in the production of pig 
iron but in moderate amounts and if 
uniformly distributed they exert no harm- 
ful influences. The manganese content 
seldom exceeds 0*3 per cent, and is more 
usually about half that percentage, sulphur 
varies up to about o*02 per cent, and the 
pho.sphorus content is always less than 
0*15 per cent. The silicon percentage, 
reduced during the production of wrouglit 
iron, never exceeds 0*2 per cent, andtlius 
a good quality wrought iron contains as 
a minimum at least 99 per cent, of 
metallic iron. 

Owing to its ductility, wrought iron was 
at one time favoured for case-hardening 
purposes, but modern practice demands 
the use of specially made low-carbon 
steels, ft is, however, still adopted in 
aircraft and automobile work to some 
extent as well as for a few electrical pur- 
poses, sucli as armature plates and cores, 
pole pieces for electro-magnets. Its uses 
are, nevertheless, diminishing and this is 
primarily due to its variations in pro- 
perties, to its low crusliing strength, and 
to th^ ^act also that wrought irons not 
infreqii tly have been known to exhibit 
a certai.i brittleness of structure which 
cannot readily be removed by any simple 
annealing treatment. Wrought iron 
sheets are, of course, used extensively in 
the manufacture of furnace casings, 
boilers, tanks and similar equipments, 
particularly where a ferrous material easy 
to weld is required. Wrought iron has 
also been used in the past for large gates 
and in the form of strip for lift gates, but 
in these apolications non-ferrous alloys 
combining ! igh strength with lightness 
are now being increasingly adopted. 

Malleable Iron. This material, which 
is very largely used for castings in the 
plmnbing and decorative trades, is made 
in two varieties, namely, ** Whiteheart ” 
• malleable and “ Blackheart malleable 
iron. (Microphotographs of these are 
printed in page 213.) The starting point is 
in each instance white iron . although there 
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are certain minor differences in the qualities 
of such iron selected for each process. 
Thus in the production of malleable iron 
the first step is to cast the article to pattern 
in white iron as produced from the cupola. 

In this condition the castings are hard 
and brittle and may indeed be easily 
broken if subjected to a shock. This 
brittleness is due to the fact that white 
iron is an alloy of iron with a high carbon 
content of about 3*5 per cent, but it 
differs from grey iron in that while the 
latter material is of approximately equal 
carbon content the carbon in white iron 
exists in the form of hard iron carbide, 
whereas the carbon in grey cas^ iron is 
largely present in the form of soft graphite. 
This brittle iron carbide also gives to 
white iron a white fracture when broken, 
whereas the graphite of grey cast-iron 
conveys to the material a grey fracture. 

As a structural material white iron is 
useless owing to its complete lack of 
ductility and hence a special treatment is 
necessary to render it ductile. This treat- 
ment takes the form of a prolonged 
annealing, and the treatment adopted 
depends upon the type of malleable iron 
to be produced. Thus, in making White- 
heart " malleable iron, the white iron 
castings are heated for several days at a 
temperature of 950° C. and they are 
packed in annealing boxes, the castings 
being surrounded by an oxidizing material 
such as iron ore. The object is to burn out 
a large proportion of the carbon so that 
the product has a steely fracture with a 
rim of material which is practically 
carbon-free iron. In making " Black- 
heart " malleable iron, however, the 
annealing is undertaken at a lower tem- 
perature of 850° C. and in this method of 
annealing the white iron castings are 
packed in a non-oxidizing medium. In 
this instance the object is not to bum out 
the carbon but to decompose the hard 
carbides into ductile iron and soft graphite. 
The material so made shows when fpc- 
tured a centre or heart which is black 
and a rim of practically carbon-free iron. 

Of these two materials, the " White- 
'heart " malleable iron has the higher 
strength, but the " Blackheart " malleable 
iron, though of slightly lower tensile 
properties, has the great advantage of 
higher ductility, and is indeed preferred 
when castings have to be machined in 
quantities. The following table gives 
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typical properties for these two types of 
malleable iron. 

Blackheart Whiteheari 
Tensile strength 19 tons/sq. in. 22 tons/sq. in. 
Elongation 13% minimum 7*5% minimum 

Bend test 180 deg. 90^ deg. 

The term " malleable iron " is largely 
a misnomer, for it implies that the 
material can be shaped with a hammer. 
This is in fact not correct, although both 
types of malleable iron will withstand a 
certain amount of shock. They are indeed 
only malleable in the sense that they are 
not as brittle as either white iron or grey 
cast-iron. 

In the plumbing and decorative trades 
and in household engineering, malleable 
iron is used extensively for brackets sup- 
porting water tanks, for joints and elbows 
in tubes for both gas and water supplies, 
for machined castings, as well as for the 
cases and fittings of motors, pumps, etc. 

IRRIGATION TREATMENT. Method 
OjJ purifying liquid sewage by distributing it 
over land. The liquid is run over or near 
the surface of the ground and is acted upon 
by innumerable bacteria in the top layers 
of the soil. These organisms bring about 
the oxidization of the putrescible organic 
matter, converting the latter into stable 
compounds. The process is described in 
the article on Sewage Treatment : (i). 

lOINT AND JOINTING : of Cables. 

J A joint, in electrical terminology, is an 
artificial junction, mechanic^ and 
electrical, between two or more conductors 
together with the insulation applied to 
that junction and the protective sleeving, 
if any. The requisites of a good joint are 
perfect electrical contact and mechanical 
strength. 

I.E.E. Regulations. The I.E.E. Regu- 
lations for the Electrical Equipment of 
Buildings lay down the following rules for 
Jointing (Regulations 313 and 605) : 

Connexions between cables other than flexible 
cords shall be made either by soldered joints or 
by mechanical connectors. Every joint shall be 
easily accessible and rnechanically and electric- 
ally sound. The conductors shall be soldered 
together, a flux free from acid or other corrosive 
substance being employed, and the resistance of 
the soldered joints shall be not greater than that 
of an equivalent length of the largest conductor 
included in the joint. 

With vulcanized rubber insulated cables the 
Joint shall be lapped with rubber to a thickness 
not less than that of the dielectric, and with 
waterproof protecting tapes so as to render it 
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moisture proof ; and if the cable be sheathed with 
tough rubber compound the joint shall be 
enclosed in a joint box, the protective covering 
being maintained up to a point within such box. 

Connexions between cables and flexible cords 
shall in every case be made by mechanical con- 
nectors shrouded in non-ignitable insulating 
material contained within suitable receptacles, 
which in the case of lamp fittings may form part 
of such fittings, and which, if not on the surface 
of the wall or ceiling, shall be non-ignitable. 

Making Joints. When making a joint 
the first thing to do is to bare as much of 
the conductor as is required for the joint 
by removing the existing insulation with 
a sharp knife, taking care not to nick the 
conductor. The conductor must next be 
thoroughly cleaned by scraping with a 
blunt knife or similar instrument. Where 
there is more than one conductor every 
exposed part of every conductor must be 
cleaned in this way, not just the parts 
that are readily accessible without un- 
ravelling the conductors. The simplest 
joint for small single conductors is the 
** Britaiinia** joint. This is made by over- 
lapping t^e conductors and binding them 
tightly together with binding wire (tinneS 
copper wire) of suitable gauge. The whole 
is then soldered solid. 

Another simple joint for the same 
service is the “ bellhanger" joint. This 
is made by twisting the two conductors 
round one another in a fairly open pitch 
and then finishing up each ^jnd with a 
close pitch. The centre portion is then 
soldered solid as before. 

For stranded conductors of small cross 
section a “ brush joint may be UoC*i. 
This is made by untwisting the conductors 
for some way, opening them out to form a 
brush, and then twisting opposite con- 
ductors together, finally covering the 
joint with solder. 

Scarf Joint. The most simple joint 
for larger single conductors is the scarf 
joint. This is made by cutting the ends 
of the conductors at an angle, butting 
them together, binding tightly with bind- 
ing wire, and soldering. With single 
conductors *a tee-joint is made by binding 
the conductor of one cable tightly rou. ' a 
bare portion of the other, and soldering; 
with stranded conductors, the strands of 
one conductor are straightened out, half 
are placed on one side of the main con- 
ductor, a section of which is bared, and 
half on the other. Both halves are then 
tightly bound round the main conductor 
and the whole joint soldered. Sometimes 


joints are made by clamping the con- 
ductors in mechanical connectors, without 
the use of solder. 

Insulation. The joints in small cables 
may be insulated with rubber-tape. The 
joint should first be smeared with rubber 
solution and the tape then applied under 
tension, first in one direction and then in 
the other ; finally the joint is coated with 
rubber solution. Two or more layers of 
waterproof tape (black “ Empire ** tape) 
are then applied. The joint may be‘ 
finished with insulating varnish. 

Small joints in dry situations and of a 
temporary nature may be insulated by 
lapping on two or more layers of Empire 
tape and finishing with adhesive tape. In 
all cases the joint insulation should overlap 
the cable insulation. See also Insulation. 

The jointing of power cables and the 
use of joint boxes is highly skilled, 
specialized work, a discussion of which 
would be out of place in this work. — 
R. A. Baynton, B.Sc., AM.I.E.E. 

See Conduit ; I.E.E. Regulations. 

JOINTING COMPOUNDS. Used 
in making all types of joints on i)ipes used 
for the conveyance of gas, cold water, hot 
water and steam, such joints comprising 
screwed threaded joints, union and flanged 
joints. The actual function of the com- 
pound or whatever jointing material is 
used is to provide a filler, or a packing or 
gasket, according to the type of joint, so 
that when the jf)int is •screwed or drawn 
tightly together it will not leak. 

There are a number of proprietary 
jointing ^^^mpounds manufactured, such 
as graphite or manganese, which may be 
used 1 y itself, or in conjunction with other 
materials such as hemp or joint packing. 
The use of such compounds is claimed to 
be advantageous inasmuch as joints may 
be easily disconnected, because of the 
non-rusting and non-setting properties 
of the material. It is also claimed that in 
certain joints (such as screwed threaded 
joints) no other material is required. The 
use of hemp, however, in addition, may 
still be regarded as standard practice. 

Red lead paint and tallow are other 
materials used as jointing compounds, 
both in conjunction with hemp. It is 
preferable to use red lead paint on joints 
of hot water, heating and steam pipes, 
and tallow for cold water pipes. It is not 
desirable to use red lead on pipes for the 
conveyance of drinking water. 
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Threaded Joints. In making screwed 
threaded joints the paint or compound is 
smeared on the thread before the hemp is 
wound on. 

The hemp should be wound on in a right- 
hand direction, or in the same direction 
that the thread is made, so that when the 
spigot is screwed into the socket a certain 
amount of hemp will be retained in the 
joint. A common fault in making such 
joints is to wind too much hemp on the 
thread, in a careless manner, with the 
result that the hemp is pushed off instead 
of being retained. Threaded joints on gas 
pipes may be rendered gas-tight by simplj^ 
painting the threads with jointing com- 
pound or paint before screwing to gether. 

Rubber and Gasket Joints. The rust 
joint for plain ended spigot and socket 
pipes used in horticultural low pressure 
heating mains has been largely super- 


seded by joints made with rubber 
rings and washers. This method enables 
a clean, sound and easily disconnected 
joint to be made. 

The use of rubber rings has also super- 
seded the old-fashioned method of bedding 
on boiler and cylinder manlids with red 
and white lead and hemp. 

For flanged joints a suitable gasket is 
necessary ; or, if the flanges have ground 
faces, a smearing of jointing compound 
may suffice. For the gasket, when used, 
one of the many packings that are 
marketed is suitable, either in conjunction 
with a jointing compound or not, accord- 
ing to the make of the gasket. The use of 
rubber rings and gaskets should be con- 
fined to cold water pipes, and to hot water 
pipes where the temperature of the water 
does not exceed i8o degrees. — IV. J. 
Woolgar, M.RSan.I. 

SVe Joints: (i), (2), (4) and (5). 


JOINTS & JOINTING: (1) WIPED JOINTS TO LEAD PIPES 

By Percy Manser, M.R.San.l., R.P. 

This article describes the leading types of wiped joints (Section A) and gives clear 
instructions for executing them. Section B deals with solder, with instructions 
for testing it. In Section C instructions are given for the preparation of the 
various joints and the actual job of wiping. For joints in cast-iron pipes see 
the article beginning in page 629. For joints to copper and brass tube see 
Pipes: (3) ; for iron and steel pipe joints see Pipes (4) and (6). See also Solder. 


Plumbers' wiped joints are those formed 
with molten solder, wiped with a “ cloth " 
and used for connecting together (a) lead 
pipes, (/;) lead pipes with brass, gunmetal, 
or other alloy fittings. 

A. TYPES OF JOINT DESCRIBED 

Wiped solder joints are of various kinds, 
according to the purpose they are to fulfil 
and the methods adopted for wiping them. 
In the main they consist of branch, flange, 
knuckle, taft, underhand and upright 
joints. The last two names can be 
applied to any joints according to the 
position in which they are fixed for 
wiping, so that one may get an upright 
branch, flange or taft joint as the fcase 
may be ; but the underhand joint is 
recognized as a straight joint wiped when 
the pipe is horizontal, and an upright 
' joint when the pipe is vertical. 

Variation of these terms occurs in many 
instances, such as for joints on pipes 
fixed on the slope ; but the angle of 
inclination determines whether the joint 
shall be wiped as an underhand, an 
upright or a combination of both methods. 


Branch Joint. The group of drawings 
in Fig. I show (in half sectional elevation) 
underhand, square branch, upright and 
knuckle joints. Branch joints vary in 
shape according to whether the pipes on 
which they occur are for conveying w^ater, 
waste matter, or air. For water services 
they are of the square type and a>e 
seldom formed in any other way. For 
waste pipes, square branch joints should 
always be avoided, and if the pipes are 
properly arranged the joints must of 
necessity be of the raking type (as shown 
at A in Fig. 2), in which the branch pipe 
enters the main pipe in the direction of 
the flow of liquid. 

Strictly speaking the branch and the 
main pipe should tend to form as near as 
possible a continuous easy bend, as shown 
at B, Fig. 2. To do this a slight bend 
must be made on the branch pipe (as at 
C, Fig. 2). This will allow the waste matter 
to be conducted freely into the main pipe 
without unduly impinging on the pipe 
wall opposite the branch, and thus 
breaking up the scouring action of the 
discharge. 
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Waste and Soil 
Pipes. These 
pipes should be 
as self-cleansing 
as it is possible 
to make them, 
and this can be 
accomp 1 i s h e d 
by proper 
arrangement of 
the branches ; 
the preparation 
and formation 
of the joints 
will automati- 
cally follow. 

Branch joints 
for trap ventil- 
ation j) i p e s 
should be on 
similar lines, as 
shown in Fig. 3. 

Raking 
Branch Joints. 

There ^ ; 1 11 . 

appears some difficulty or misunderstand- eieiaulns e/squaie branch*"! 

ing in many instances of marking out underhand ; d, knuckle. 




raking branch joints, with the result 
shown in Fig. 4, giving an unbalanced 
joint which is more difficult to wipe and 
requires more solder than a properly 
shaped joint. 

Underhand and Upright Joints. These 
vary little except in 
length and, in many 
instances, in girth ; in 
tlie latter respect it is 
usually considered the 




Fig. 3 . Branch Joints for trap vents : A, w.c. branch , 
B. sink waste. Fig. 4. Badly shaped raking joint, 
difficult to wipe (see text). 


correct thing for the solder at 1 

the centre of the joint to be 
at least equal in thickness to the wall of 
the pipe, but many joints are made just 
bulky enough to cover the lead with a thin 
coating of solder. For joints on soil pipes 
the thickness of solder should exceed that 
of the ])ipe wall to obtain sufficient 
strength. 

Knuckle Joints. These vary a little 
in shape, ai l although useful in many 
positions and for many purposes, they are 
not suitable for pipes conveying waste 
matter. 

Taft, Astragal and Block Joints. 

Other types of joints include those known 
respectively as taft, astragal and block or 
flange joints. All these are shown by the 
group of drawings in next page (Fig. 5, 
A, B. C, D). 
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JOINTS: WIPED SOLDER. Fig. S. A, block flange: 
lead pipe turned over flat on to collar ; B, block taft : 
lead pipe opened out in the form of a taft ; C, taft 
or finger-wipe joint ; D, half-section and elevation 
of pipe and socket forming astragal joints {Claughlon 
Bros., Ltd.) 


Th(^ taft is often referred to as a finger 
wipe, and is sometimes permitted on 
overflow pipes, although it is frequently 
found on lead pipes of all descriptions, 
especially where r^airs have been carried 
out. It is a simple method of joining 
pipes, requiring less skill and also much 
less solder than a properly wiped joint. 
The legitimate use of a finger wipe is in 
the formation of the astragal joint. 

Astragals (from the Greek astragalos, 
the ankle bone) are the bands around the 
pipe or socket and are used in conjunction 
with a pair of cast lead tacks soldered to 
the back of the pipe. The tacks and 
astragals may be obtained cast in one 
piece, or they may be made separately. 
Sockets cast complete with astragals and 
tacks are also used, being soldered or burnt 
on to the pipe ends. 

Block Joints. Used mainly where pipes 
r are fixed in a recess or chase in a 
wall. The supporting blocks may be of 
stone or wood and are usually fixed at 
approximately lo ft. centres (standard 
length of soil pipe). The lower length is 
placed in position through the block ; a 
lead collar is prepared and slipped over the 
top end on to the block, and the pipe end 


tafted out as shown. 
This end is prepared 
for soldering ; the 
next length with the 
lower end prepared 
is placed into posi- 
tion and a flange 
joint wiped. The 
operation is re- 
peated on each 
length upward 
through the build- 
ing. 

This method has been adopted for fixing 
soil pipes from floor to floor in modem 
buildings, but if the standard length of 
lo ft. is exceeded between the joints, 
additional support should be given. Even 
10 ft. is too great a length without inter- 
mediate supports, which latter are usually 
provided by means of tacks soldered to 
the pipe. The holes in the blocks or floors 
should be rounded at the top edge to pre- 
vent a sharp edge forming when bossing 
aver the flange on the pipe. 

Brass-Lead Joints. Brass-to-lead con- 
nexions form a very large proportion 
of the wiped joints in plumbing, as they 
are used for practically every sanitary fit- 
ment when the pipes are of lead or a com- 
bination of iron and lead. In addition to 
the Knuckle Joint (Fig. i) other types are 
illustrated by Fig. 6, and include : 

{a) Cap and lining or union joint for 
connexions to union stopcocks, piUar taps, 
ball valves ; flush pipes to waste pre- 
venters ; traps to sinks, baths, lavatory 
basins, etc. , 

(6) Brass boss connexion to receive an 
ordinary screwed bib tap. 

(c) Boiler screw (single nut) for connect- 
ing overflows or down service pipes to 
cisterns. 

(d) Nipple union for connecting lead to 
iron pipe. 

(e) Sleeve and thimble joints for making 
connexion between a pottery fitment and 
a cast-iron soil pipe when a lead branch 
pipe is used. 

Lead to Iron, etc.. Connexions. When 
lead pipe is to be connected to cast-iron 
soil or drain pipe, stoneware drain pipe or 
pottery fitments, a connecting pieceof brass, 
copper, gunmetal or suitable alloy must 
intervene. A caulked lead joint cannot 
property be made between a pipe of lead 
and a cast-iron socket or spigot ; there- 
fore a ferrule, sleeve or thimble must be 
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Fig. 7. 


soldered to the pipe to 
stren^hen it and permit of 
caulking. A Portland cement 
joint cannot properly be made 
between lead pipe and a 
pottery spigot ; therefore a 
thimble, which is in effect a 
socket, is soldered to the lead 
to permit of proper jointing. Even if the 
lead were expanded sufficiently to form 
a collar or socket, lead and Portland 
cement in contact is bad practice and 
is not permitted. 

Sleeves. In fitting a sleeve or ferrule to 
lead, the correct method is for the sleeve to 
slip on the pipe so that the latter is 
continuous throughout without reduction 
of the bore (as shown by E, Fig. 6). In 
order for this to be done the sleeves should 
be large enough to pass easily over the 
pipe ; but what is usually classed as, say, 
a 4-in. sleeve measures a bare 4-in. inside. 
Obviously, this will not pass on to a 4-in. 
lead pipe. The result is that the lead pipe 


Bras\ 




Bfossmon fixed bif driving-end 
of lead pipe into groove 

A, B, fixing for brass union by grooving ; C, boss grooved. 


Sroove 





Uadpipe turned over 
beadonslei(w Brass 

Castiron^ .y/eei'P 


Solder 

Joint 


Lead Snider Joint 


is opened and fitted on to the edge of the 
sleeve, and a joint wiped in a similar 
manner to that shown at B in Fig. 7. 
This takes more time to prepare and fix. 
and is a poor job. Sleeves of a proper 
size can be obtained. 

(In some districts it is customary to 
thread the lead through sleeve and turn 
it back over the open end of sleeve.) 

Brasswork in Jointing. What is 
generally known as plumber's brasswork 
includes gunmetal and other alloys, but 
fittings are here referred to as brass. To 
prepare bras.swork for joint wiping it is 
necessary first to tin the surface which is 
to be within the joint. The fitting is filed 
where tinning is required, flux such as 
resin or Fluxite paste is applied, and a 
coating o| fine (tinman's) solder is applied 
with a copper bit. 

Another method often adopted is to 
smear the filed portion with 
Fluxite, heat the brass in a 
blow-lamp flame, apply solder 
direct from the stick and 
wipe the tinned surface with 
a piece of rag. To tin brass- 
work by coating with flux 
and dipping it into a pot 
of wiping solder is bad practice, 
especially if the brasswork contains zinc, as zinc 
is “ poison ' to solder. Brass filings must not be 
allowed to get into the solder pot. 

Grooving and Splints. To fix brasswork to 
lead it is now the general 
practice to slot or groove the 
fitting by filing a groove as 
close to the end as possible 
(as shown at A, Fig. 7). The 
lead is then “ closed ” into 
this groove by a small 
hammer (B, Fig. 7). For 
small pipes this gives suf- 
ficient fixing for the joint 
to be wiped ; but on pipes 
of i\ in. or 2 in. and up- 
wards it is u.sual to “ burn " 
the lead to the brasswork. 


lecd Pipe 


dross Jhimhie 

PotterQ 



JOINTS: WIPED SOLDER. Fig. 6. A, cap and lining to lead ;B 


sectional elevation of branch I®'"' -cre^ A f^irlv hot CODOer bit is 

section through soldered stop end, showing outline of joint C boiler screw A lairiy nOI COpper DU IS 

for tank connexion : D, lead to Iron con nexion ; E, application of solder jol^^^ USCd, fluX IS applied tO the 
for lead connexion between pottery and c.-l. pipe without reduction of bore, 
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JOINTS: WIPED SOLDER. Fig. 8 
The “ Burloc ” fixing tool for 
straight joints in brasswork : spring 


lead and the edge of the 
pipe is fused to the tinning 
of the brasswork. If proper- 
ly done this gives a secure 
fixing. 

An alternative to groov- 
ing is to use wood splints ; 
these are thin strips of 
straight-grained wood 
bunched together and passed 
through the brasswork in 
sufficient quantity to give a 
good push-in fit to both the 
brass and the lead pipe. 

This holds the brass in 
position while the joint is 
wiped, after which the splints 
are withdrawn. 

Another method for small 
pipes is to use a patent 
holder which has loos^ jaws 
operated by a screw spindle ; 
these jaws grip the inner 
wall of the pipe and keep 

flip brji irlv in no^iifinn for clamp A holds cap, while fully ex- 
llie ijrdSbWOrK lll posiuon lur padded lever B grips* inside of pipe 

wiping (Fig. 8). For fixing rigidity. 

\ ® /r* ^ {Shelack Tool }^orks, Ltd.) 

a boss (C, Fig. 7) a groove 
is invariably used ; but if fixfiig is re- 
quired without grooving, a plug-stick 
must be securely fixed into the boss 
and the stick secured by steel 
points or wood struts and tic strings, 
or by using a jiatent joint and pipe 
clamp such as the “ Footprint type 
(Fig. 9). Much depends on the conditions 
prevailing as to the best type of fixing 
to adopt, especially when the joint must 
be made in situ. 

B. THE WIPING SOLDER 

The solder used for joint wiping is of 
the coarse variety, being composed of 
two parts lead and i part tin (with a 
melting point of 441° F.). Solder varies 
in quality ; when the tin content is high 
it is referred to as being “ fine," and 
when low it is termed " coarse." These 
terms are usedv.by 
plumbers to denote 
the nature of the 
solder, as it is an 
indication as to how 
it will work " when 
wiping joints. With 
good or bad samples 
the coarse condition ’ 
may arise by over- 
Fig e. ** Footprint »• pipe heating, as tliis de- 
(Shftaek ud.) stroys the tin ; it is 



termed ** burning " the 
solder. Therefore, a pot 
should never be heated to 
redness. 

Coarseness may also arise 
through continuous use by 
picking up small quantities 
1^ of lead from the pipes on 
which joints are made. 
When this condition be- 
comes apparent it may be 
put right by the addition of 
pure block tin. If the solder 
is only slightly coarse, the 
addition of a few sticks of 
tinman's solder may suffice 
to put it right. Sometimes 
a pot of solder which is not 
working too well is improved 
by “ fluxing " to clean it. 
A small quantity of pow- 
dered resin and a little tallow 
are well stirred into the 
solder, the residue on 
the surface being care- 
fully skimmed off. But 
continuous skimming of 
the surface of molten solder should be 
avoided, as this impairs the tin content. 

If solder is " fine," joint wiping must be 
Carried out smartly, because setting at the 
edges of the joint will occur rapidly. 
Should the‘sokler be too fine, it will be 
difficult to manipulate, and will give 
trouble by sticking to the wiping cloth, 
and also by the tin running and forming 
tears at the bottom edges or underside of 
the joint. Coarse .solder allows more 
time for manipulation when wiping, but 
if allowed to become too coarse [i.e. short 
of tin) it will work sandy : the joints look 
pasty and dull, and in some cases will be 
porous and will ** sweat" if subjected to 
water pressure. 

Poisoned solder is that into which zinc 
has become mixed, and in this condition 
it is of little use for joint wiping. To 
remedy this the solder should be heated 
and a handful of powdered sulphur 
stirred well into it.* The zinc will combine 
with the sulphur and form a crust on the 
surface ; this crust should be carefully 
removed. The solder must not be made 
too hot to carry out this cleansing process, 
or the sulphur will fail to " collect " the 
zinc. After the crust is removed the 
solder should be tested for quality, as it 
may be necessary to add a little tin. 
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Testing Solder. The usual test con- 
sists of pouring out two or three small 
discs of solder on to a cold surface such 
as stone, so that it cools rapidly, when the 
tin will appear as bright spots if sufficient 
in quantity. If short of tin the discs 
will appear dull and lifeless. Should 
there be any doubt as to quality, the best 
test is to prepare a joint, wipe it, and note 
how the solder works. Before using 
solder from a pot it should be well stirred 
to intermix the lead and tin because the 
lead, being of greater density than tin, 
sinks to the lower part of the pot. Several 
methods are used to test solder for 
temperature. It is 
mainly a matter of 
experience, and most 
plumbers can judge 
the heat by taking a 
ladle full of solder 
and holding the back 
of the hand a few 
inches above it. 

Others inrust a thin 
stick of dry wood into 
the solder and note r 
to what extent it ^ 
scorches ; if too hot, 
scorching will occur 
rapidly. Another 
method is to fold a 



Make sure the pipes fit well together so that 
solder cannot pass into them ; sec they are 
securely fixed ; do not use solder too hot, or 
melting of pipe may occur ; keep edges of joints 
hot during application of solder ; make sure 
shaved portions are well “ tinned ** with solder 
before commencing to form the joint ; work up 
a good heat so that, on commencing to “ wipe,’* 
the solder works rather like soft butter : 
solder does not remain plastic for long, hence 
the need for smartness in manipulation. 

Straight joints on pipes, whether up- 
right or underhand, are prepared in tlwi 
same way ; the difference is in the 
application and manipulation of the solder. 

To prepare a joint of this type proceed 
as follows : Make the pipe ends quite 
square with a rasp. Open one 
end with a turnpin and taper 
the other end with a rasp so 
that one fits conically within the 
other. (The opened end should 
have pipe wall rasped down as 
shown in Fig. lo, D.) ('lean the 
ends for a length of about 6 in. 
with card-wire ; well chalk the 




strip of paper stick- 
fashion, thrust it into 
the solder, leave a 
few seconds ; if it 
bursts into flame 
(quickly the solder is too hot, but if well 
scorched the heat is suitable for wiping. 

A cold ladle should never be placed into 
a pot of hot solder, and when adding a 
fresh bar or bars of solder these should 
always be warmed before placing them 
into the molten mass. This is because 
steam is produced when a cold article 
is thrust into hot solder, owing to the 
moisture which is immediately formed. 
Serious infury may be caused by the 
hot solder which is thus blown (. t of 
the pot. See also Solder: (i) and ( 2 ). 
The latter deals with “frostiness" in 
solder. 

C REPARATION AND WIPING 

Correct preparation is important to ^ 
obtain a proper joint (i.e. one sound and 
without a trace of solder inside the pipe). 
Points to bear in mind about wiping are : 
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JOINTS: WIPED SOLDER. Fig. 10. Underhand joint preparation: A, end 
tapered; B, end splaved; C, surplus ‘‘-..':ped off ; D, ends blacked and shaving lines 
marked ; E, fl^ ' for fixing and wiping. 

cleanea portions and coat with plumbers' 
black ; when dry, mark off the length of 
joint with compasses or a joint gauge, the 
tapered end being marked longer to allow 
for entry into opened end. Using a shave- 
hook, scrape or " shave " the ends per- 
fectly clean from the marking-off line. 
With a pocket-knife scrape clean the 
inside of the opened end. Smear the 
whole of the shaved portions and also 
part of the black with a flux of tallow. 
Fit the eniL together and securely fix for 
wiping (see F^ig. lo). 

It should be mentioned that .shaving the 
pipe before applying the black is some- 
times preferred, because of the possible 
damage that may arise by a continuous 
straight cut along the marking line 
caused by heavy pressure on the shave- 
hook. When this method is adopted, the 
pipe is shaved haphazard to break up the 
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marks at each application of the shave- 
hook. A piece of paper is then folded 
round the pipe to act as a straight-edge 
and the black is applied (see Fig. ii). 

Wiping. For underhand joints the 
solder is poured from the ladle, a mole- 
skin cloth being held beneath the pipe to 
retain sufficient solder for the joint. 
Solder is gently poured over the whole 
length of the joint and well beyond on to 
the soiled portion, to heat the pipe ; and 
as pouring continues the cloth is used to 
lift the solder upwards to the top and 
work it round the pipe effectually to 
** tin the shaved portion. When the 
solder is sufficiently plastic and in sufficient 
quantity the cloth is used to mould it 
roughly to shape, at the same time 
clearing the edges of surplus solder by 
pressure on the cloth with the first and 
fourth fingers. • 

The cloth should then be gently but 
firmly passed right round the joint in one 
direction, thus bringing with it a surplus 
rib of solder the length of the joint. This 
rib is removed by gently drawing a 
" drag-off " along the joint. This appliance 
may be a strip of moleskin, bed-fteking or 
other suitable material. The drag-off 
operation is usually made at the back of 
the joint so as not to .spoil the appearance. 

For branch knuckle and upright joints 
the solder is “ splashed "—lifted in small 
quantities from the ladle on to the joint by 
the splash stick and well on to the soiled 
portions to raise the heat. As splashing 
continues the solder falls on to the catch 
paper or into the collar in sufficient quan- 
tity to remain plastic, and is picked up by 
the splash stick and built up round the 
joint. When the solder is at the con*ect 
heat the cloth is taken in one hand and the 
splash stick in the other ; solder is picked 
up from the paper with the stick, placed 
on the joint and the cloth used to mould 
the joint and wipe it. With branch and 
upright joints the top edge cools quickly, 
and must be dealt with at the start. 

In all wiping operations the movements 
must be smart. 

Cloths. With regard to cloths, some 
piuml)ers use two for all sizes of underhand 
joints — a large one to catch the solder 
(called a catch cloth), and a smaller one to 
wipe the joint. Others use only one 
for small joints but two for large joints, 
owing to the amount of solder to be re- 
tained in order to get the “ heat.” These 


large cloths are called “ blankets,” and 
vary in size according to individual pre- 
ference. Plumbers differ in the choice of 
cloths, and what may suit one may not 
suit another. Upright cloths are usually 
narrower from back to front than those for 
underhand joints. Branch cloths are, of 
course, much smaller, as they are manipu- 
lated in a totally different manner. Up- 
right and underhand cloths should be of 
sufficient thickness to prevent the hands 
from getting overheated, and also to allow 
a properly shaped joint to be formed. A 
thin cloth will become too hot to hold 
comfortably, and will also cause injury 
to the hands in time. Further, such a 
cloth will become flabby and difficult to 
manipulate. 

Small Branch Joints. A small hole 
is pierced in the main pipe with a 
gimlet or pipe opener and then enlarged 
wdth a small bent bolt and hammer to the 



Showing broken shaving line 



Paper strip he!^ — Extent of soiling 


youndpipe to obtain 
straigh t edge at A 
u'hen apfdi/ing black 


JOINTS : WIPED SOLDER. 
Fig. 11. Shaving pipe before 
applying soil : method to avoid 
damage that might be caused by 
straight cut along marking line. 


required size. A small lip should be 
formed around the opening so that the 
tapered end of the branch pipe fits snugly 
into the main pipe without projecting be- 
yond the inner face. The branch is pre- 
pared as described above for the taper pipe 
of an underhand joint Fig. lo). On 
each side of the (opening in main pipe, for 
a distance of about 4 in., carry out 
cleaning, chalking and blacking as already 
described. The outline of tfae joint is 
marked with a pair of compasses having 
one leg supported iy a scribing gauge as a 
centre. 

There is no hard and fast i^ile as to the 
actual size of a branch joint of this type, 
but they should be made to look uniform 
• with the underhand or upright joints on 
the same pipe. Styles vary according to 
the individual doing the job, but as a rule 
this uniformity is well maintained on good 
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class work. In forming the opening to 
receive the branch pipe, care must be taken 
to see that the “ burr ” is not worked up 
inside the pipe. ’ If the bent bolt is of the 
right shape and size this may be avoided 
under normal conditions, but in awk- 
ward positions it is sometimes dillicult 
to prevent, and should it occur it must 
be cut i with a pocket knife before 
fitting the joint together. For explan- * 
atory diagrams see Fig. 12. 

Large Branch Joints. 

Large diameter pipes are first 
trued up by passing a man- 
drel through them to remove 
any indentations and to ob- 
tain an even bore throughout 
— before any preparation in 
the way of joints or tack fix- 
ings is commenced. In deal- 
ing with pipes of a substance 
equal to 6, 7, or 8 lb. sheet 
fcad, when a branch is to be inserted it is 
important to form a good lip around the 
opening in the main pipe to receive the 
branch, so that when the joint is complete 
the end of the branch pipe is well clear 
of the inner wall of main pipe. To do this 
the pipe is cut in the form of a double 
keyhole, as shown at B, Fig. 13 ; the ends 
are worked up first by drawing the lead 
along each^side. and by so doing a good 


lip should be formed. Once the ends arc 
obtained, the sides are a sim[)lc matter. 
The o})ening is l)est commenced with a fair- 
sized bent bolt, and afterwards completed 
with a small liaiwl diimniy or a inalk't 


and rounded piece of hardwood similar to 
a mandrel. To assist tlui operation the 
pipe may be heated. W'hen com|)lete the 
opening should be as shown at C, F'ig. 13. 

If the branch is to be at right angles 
with tlj.. main, the oj)ening in the latter 
will, of course, be circular ; but with a 
raking joint it will be more in the form of 
an ellipse. The marking off for the branch 



h e=3- 1- 


FiR. 13. Preparation of large 
branch joint. A, marking off 
cut ; B, opening marked and hole 
cut ; C, opening complet^ed ; D, 
pipes fitted together ('''•I'Ine of 
joint shown by dotted nes). 

(For F F, see text, p. r ) 






Fla. 14. Rieht-anala branch (for A, A, see text, p. 626). Fig. 15. Unbalanced joint (for lettering see text). 
• Fig. 16. Balanced joint. 
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JOINTS : WIPED SOLDER. Fig. 17. Securing branch to main to prevent movement. A, fixing by grooving : 
part wall of main pipe cut away to show section ; B, three or four triangular nibs are cut in spigot and 
bent over lip of opening when fixing Joint for wiping ; C, section showing wood supports. 


is shown at A, Fig. 13, and also the length 
of opening required. How to mark out 
the shape of the joint is be t explained by 
assuming it to be a right-angle branch as 
in Fig. 14, in which the lengths at AA are 
equal. 

If the same distances are taken for 
the raking joint (as at BB in Fig. 15) 
and the correct shaving line marked on 
branch pipe, the shape of the joint will 
be as shown by firm lines in the diagram, 
with a short throat and long heel as C and 
D respectively (Fig. 15). But if the throat 
and heel are made of equal length by the 
marking shown in diagram D, at FF 
(Fig. 13), a balanced joint as shown in 
(Fig. 16) will result. It will be seen that 
the shaving on heel is very short and that 
in throat very much longer ; and this 
varies according to the angle at which 
the branch enters.- 

'riie curves for the bottom edge of 
joint can be obtained with a pair of com- 
passes and a scribing plate, and these 
curves can be joined by a short line 
parallel with the top edge. It is unneces- 
sary to extend the shaving as indicated by 
dotted lines in Fig. 16, as it involves a 
waste of solder, is more difficult to wipe, 
and is unsightly. 



Securing Branch to Main to Prevent 
Movement. As the wall thickness of soil 
pipe is thin in comparison, various methods 
are used to secure the branch pipe and 
prevent it sinking into the opening when 
heat is applied for wiping. 

tAtlhod /. (Fig. 17. A). A groove is cut 
with the edge of a rasp around the pipe near the 
end ; the " lip *’ of the opening is then closed 
into the groove in a similar manner to that for 
securing brass work. 

e^tAeihod 2. (Fig. 17, B). Two or four V- 
shaped cuts are made on the pipe end ; the 
pieces of lead arc cased outwards to rest on the 
lip of opening and arc afterwards closed down 
over the lip. 

Metfiod 3. (Fig. 17, C.) When practicable, 
two wood struts are u.sed inside the pipe to sup- 
port the branch, being afterwards removed from 
the end of main pipe. This is useful for bench 
work where the struts are accessible after com- 
pleting the joint. 

Note. — In any case, it is advisable to score the 
surfaces of the lead at the point of contact with a 
bradawl or tlio point of the compasses, to prevent 
solder seeping through during wiping. 

Knuckle Joint. To prepare this joint 
the pipe is usually cut as shown at A, 
Fig. 18, the throat X being worked up 
with a bent bolt and hammer, the heel Y 
bossed up with a small mallet so as to 
form a short knuckle bend, as shown in 
diagrams B and C, into which the brass- 
work is fixed by slotting, as already 
described (seepages 621-622). After clean- 
ing and blacking, the outline of the 
joint can be marked out with compasses 
and scribing gauge as for a bpanch joint, 
th(' ends of the curves on the heel being 
joined up by an almost straight line. 

This joint is useful for many purposes, 
especially for connecting water supplies 
to waste-preventing cisterns ; it makes a 
neat connexion, occupies little space and, 
• unlike a branch joint, does not require 
a stop end. 

Stop End. Where a branch joint is 
formed at the end of a supply pipe for 
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fixing a tap, a soldered 
stop end must be pro- 
vided. These may be 
square (as at A-C, 
Fig. 19), or splayed, as 
at D. The end of the 
pipe is cut to suit either 
type and bevelled with 
a rasp ; then it is bossed 
over to close it, shaved 
clean, and a convex 
solder end formed with 
the wiping cloth after 
the branch joint is wiped. 

Another type is that 
which forms a stop end 
and a tack for fixing (see 






Fiff 20 I ■ the ninf* JOINTS ; WIPED SOLDER. Fig. 19. Soldered 

1 Ig. ZU) . me pipe end ^nd. a, square end, pipe end tapered 

IS cut to a long splay rasp ; B, end bossed flat with mallet ; C, 

1 1 1 1 1 soldered over, D, splayed end. 

bossed over and soldered ‘ ^ 


which often crop up in 
this direction. 

Patent clamps may be 
obtained for fixing the 
smaller diameter pipes 
clear of the wall for 
wiping purposes. Use 
can often be made of 
the plug-holes for the 
tacks, by driving the 
points into them for 
fixing purposes. 

Catching Solder. 
After preparation and 
wi[)ing, provision must be 
made for catching the 
suri)lus solder during the 
wiping operation. 
When at the bench this 


so that a screw may be passed through 
for fixing purfx)ses, as shown at A, B, C 
(Fig. 20). 

Fixing for Wiping. The usual method 
L: securing pipes is to use steel points 
to which the pipes arc tied. The.sc points 



Fig. 20. Long splayed end to afford fixing. A, pipe 
cut to long splay ; B and C, bossed over and soldered. 


vary in length from 9 in. to 30 in., and 
arc of |-in..and ^-in. octagon steel. The 
ties should be of stout bliiid-cord, in 
lengths of about a yard, and ha ng a loop 
at one end to facilitate tying. 

^Vhere circumstances permit, steel points 
give a firm fixing ; but occasions arise 
when they cannot be used, such as fixing 
to a tiled wall. In such cases fixing is 
usually effected by wood struts and ties, 
and it is a uiatter of ingenuity on the part 
of the plumber to overcome the difficulties 



Fig. 21. Use of fixing points for securing pipes when 
jointing, and to support platform for catching solder. 



• Fig. 22. Collar for catching solder during wiping of 
upright joints. Iron or wood separators are used as 
shown to render easy the removal of solder by " break- 
ing ” the ring formed around the pipe. Sheet lead 
collar should be well coated with plumber’s black 
to prevent solder “ tinning " and adhering \o it. 
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is a simple matter, as a sheet or two oi 
stout brown paper placed beneath the 
joint will suffice. An alternative is to use 
a thin sheet-iron tray, but paper possesses 
an advantage that it can be folded to suit 
varying conditions. 

When working away from the bench, 
the methods vary according to conditions. 
For underhand or ordinary branch joints 
a small platform of wood to carry the 
paper and solder can be laid on steel 
fixing points driven into the wall (as in 
Fig. 2i). For upright joints, either 



JOINTS Fig. 23. "Staern** joint for all lead con- 
nexions to tailpieces, made with Staern ” liner which 
IS inserted into the pipe; space between piptand liner is 
then filled with very fine grain solder. See also Fig. 24. 
iitafin f noinrtrmo Co , Ltd 

straight or branch, a lead collar is used, as 
in Fig. 22. As with fixing for wijfing, when 
points cannot be used, other methods 
(such as struts, etc ) niust be employed 
for supporting the platform. 

Rolled Joints. This is a methotl u.sed 
on the bench for connecting brass to lead 
on straight lengths of pipe. The joint 
is prejmred in the usual way, the pipe 
being supported on blocks of wood so 
that it can be rolled backwards and 


lorwaras. corner is pourea on wniie 
the assistant steadies the pipe and, if 
necessary, gently rolls it forward or 
backward. As soon as the “ heat *’ is 
obtained the plumber turns the pipe, 
while holding the cloth beneath the joint, 
and by a slight sideways movement he 
quickly moulds the joint, after which the 
joint is practically formed of itself by 
holding the cloth quite still, pressing on 
the outer edges with first and fourth 
fingers and, meanwhile, rolling the pipe 
backwards and forwaids. 

Overcast Joints. A process commonly 
called " washing," which consists of first 
wiping the joint and then using a large 
ladlcful of rather cool solder and coating 
the whole of the joint with it. As soon as 
the coating is complete it is immediately 
removed and the joint smartly re-wiped 
with the cloth. Care must be taken not 
to use solder too hot, or the first joint will 
be melted and the washing process a 
failure. Tt must be just hot enough to 
j^rmit of the surface of the joint being 
wiped over to give a smart finish. 

One-Pipe System. Details of joints 
will be found under the heading of One- 
Pipe System {which see). 

‘‘ Staern Joint. This is a patented 
process embodying the use of a few special 
tools. Fittings with "Staern" liners are 
needed. The pipe is tapered, scraped and 
opened out, and the belled-out end is turned 
inwards {see Figs. 23-24). The liner is in- 
serted, and fine solder introduced between 
pipe and liner by application of gentle heat. 

FOLDING PLATE. In the Plate facing page 624 
is given a series of photographic illustrations of 
branch and rolled joints, by courtesy of Tottenham 
Polytechnic. 



Fig. 24. Making the Staern joint : (left) inside of pipe is tapered to an edge with lead-cutter and 
scraped clean ; (centre) pipe is opened to required shtpe by special splayed mandrel which is hammered 
in gently ; (right) widened end of pipe is turned inwards by hollow wood cone which is tapped over It. 
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JOINTS AND JOINTING; (2) JOINTS TO CAST-IRON SOIL 

PIPES AND DRAINS 

By W. J. Woolgar, M.R.San.l., R.P. 

Instructions are here given for the jointing of cast-iron soil pipes and drain pipes* 
inciuding cast-iron to earthenware joints. Yarning and caulking are explained, 
and also the use of lead wool. See One-Pipe System; Soil and Waste Pipes. 


Cast-iron soil and drain pipes have a 
spigot-and-socket joint. The spigot of a 
length or a fitting is entered into the 
socket of the next length in each case. 
Two main operations constitute the 
making of the joint so formed after the 
spigot has been entered into the socket, 
the first operation being the yarning and 
the second caulking with lead. 

Yarning. The importance of the yarn- 
ing operation should be here stressed. 
Actually it consists of placing two or 
three turns of caulking yarn, or gaskin 
[which see), into the joint. The spigot 
should be centralized in the socket and 
the yarn staved in tightly with a yarning 
t c!. The success of the joint, from a watet^ 
tight or air-tight point of view, depends 
to a certain extent upon jjroper yarning. 
Care should be taken that the yarn is 
not forced past the spigot end into the 
pipe. Where a length of pipe has to be 
cut previous to making tlie joint, it is 
desirable that a bead be shrunk on to the 
end. The bead on the end of the pipe 
assists in keeping the 
spigot central in the 
socket, and in preventing 
tlie entry of yarn into the 
pipe. 

Caulking. In the 

second operation the re- 
maining part f'f the 
annular space is filled 


Caulked Lead 



with molten lead. The lead is poured 
in slightly higher than the top of the 
socket and to provide a waif around 
the top a ring of clay or other suitable 
material is used, or a specially made 
caulking ring. The lead so run into the 
space is then caulked down into the 
socket with caulking tools (which see), 
the protrusion of lead outside the socket 
allow'ing for the amount that is caulked 
into the joint. Properly made and sized 
caulking tools are imfK)rtant in this 
operation ; care sfiould be taken that 
the toj) of the lead is finished off neatly 
and level with the top of the collar. 

Use of Lead Wool. Another method 
used in jointing cast-iron pipes is to 
substitute for the yarn a ring of lead wool. 
The lead^ wool is well staved into the 
annular space, which is then filled up with 
molten lead and caulked in as before 
described. 

Where the presence of water inside or 
outside the pipe prevents or renders • 
dangerous the use of molten lead (and also 
in ca.ses wliere the pouring of lead is not 
po.ssible), lead wool may be employed to 
caulk the whole of the joint. In this case 

ch succe.ssive ring of wool is well .staved 
e. caulked into the sj^ace before the next 
ring is placed in. The operation is con- 
tinued until the lead, is level with the 
top of the collar as before. 

Joints to Earthenware. In joining 
earthenware to cast-iron (as in the con- 
nexion between a water closet pan and a 
cast-iron soil pipe or drain), Portland 
cement, or Portland cement and sand, 
or red and white lead, are used as jointing 
materials. The outgo of the fitting 
shouM be placed centrally in the cast-iron 
Gasket rLead 

Fig. 2. 






JOINTS : CAST-IRON PIPES. Figs. 1 and 2. Spigot-and-socket joints yarned with gaskin 
and caulked with molten lead : (left), c.-i., soil pipe; (right), c.-i., drain pipe. 
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JOINTS : CAST-IRON PIPES. Fig. 3. Earthenware- 
to-iron, joint made with ring of yarn and caulking of 
Portland cement. 


socket and a complete ring of yarn placed 
in the joint to prevent the entry of 


jointing material into the pipe. The 
annular space should be filled with 
Portland cement (or Portland cement and 
sand in the proportion of two parts to 
one), the face of the joint being trowelled 
to a smooth surface. 

In making a red and white lead joint 
the outgo of the fitting and the socket 
of the pipe should first be well painted. 
A ring of yarn is placed in the joint, 
and then alternately a bedding of red and 
white lead and yarn or hemp, until the 
jointing space is filled. 


JOINTS AND JOINTING: (3) JOINTS TO STONEWARE 
AND CONCRETE DRAIN PIPES 


The joints and jointing methods for 
stoneware and concrete drain pipes are 
discussed in the article on Drain Pipes : (i) 
earlier in this work, where will be found 
an account of the standard joints, with 


sectional diagrams, and also illus- 
trations of a number of special or 
patent joints for stoneware pipes. Notes 
are included on the by-law require- 
ments. 


JOINTS AND JOINTING: 

The screwing and jointing of iron and 
steel pipes for hot water or healing systems 
is discussed under the heading Pijjcs : 
(6) ; information on the jointing of gas 


(4) IRON & STEEL TUBE 

pipes is given in Pipes : (4), and on pipes 
for j^etrol, oil and compressed air lines in 
Pipes: (5). For other details about gas 
works7?£j Gas ; (3) ; Gas Fitting ; Pipes : (4). 


JOINTS & JOINTING: (5) 

The methods of jointing brass and copper 
tube are discussed under Capillary Joint ; 
Compre.ssion Joint; and Pipes: (3). 
Here the reader will find ample informa- 


COPPER & BRASS TUBE 

tion on the various types of joint for 
light-gauge tube, with diagrammatic illus- 
trations and photographs. Pipes of larger 
dimensions are also dealt with. 


JUNCTION : In Drain. Where the 
junction of two or more principal drains 
occurs, or where it is necessary to join a 
long branch drain to a main drain, 
it is desirable to provide means of access 



JUNCTION. Fig. 1. C.-i. Junctions to drain : A, 95" : 
B, 112^ : C. IAS** ; D and E. double Junctions at 112^ 
and 145^ 

Cameron and Roherton. Ltd. 
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to the drain junction in the shcipe of an 
inspection chamber. In this case tbe 
actual junction of the drains will be in the 
form of open glazed channels; or, if the 
system is constructed wholly of cast-iron, 
a cast-iron inspection chamber will be 
provided. 

A junction pipe is used to connect two 
branch drains, or a short branch drain 
to a main drain. Junctions so used 
should be made with curved branches 



Fig. 2. Single junctions in stoneware : A, oblique ; 
B, square ; C, curved. 

John Knowlee A Co., Ltd. 




KATA THERMOMETER 


in order that the water flowing 
from the branch drain enters 
in the direction of the flow. 
The disadvantage of a junction 
piece is that access to the drain 
is not provided at this point ; 




JUNCTION. Fig. 3. Single Junctions in stoneware : 
D, taper junction ; E, special purpose oblique ; F, 
reverse junction ; G, “ Floweesi ” junction, 4 in. X 
6 in. (./oAn Knowles & Co., Ltd.) 

for this reason short branch drains only 
should be connected in this manner and, if 
possible, means of access should be provided 
in the outgo of the gully, or at the foot 
of soil and vent pipes, as the case may be. 
Tec junctions (Fig. 2 ^^) may be inserted on 

long lengths of 
drain, in ordc5 
that lengths 
may be tested 
as the work 
[U'oceeds. Tee 
junctions may 


600 


SCO 


400 


3001 


Fig. 4. Bends and junctions in c.-i. drain for range 
of w.c.'s at 3-ft.. centres ; also w.c. connectors ith 
lengths suitable to drain fall; 4 in. x 4 in. and 92} '. 

('amrron and tlohrrton. Ltd. 

also be used as a means of access in shallow 
drains, but are of not much use for rodding 
purposes. -IF. /. JVoolgar, M .R.San.I. 

See Branch Drain ; Drain Pipes ; In- 
spection Chamber ; Intercepting Chamber 

K ata THERMOMETER. Instrument 
invented by Sir Leonard Hill and 
intended, as far as pK)Ssible, to re|)rcscnt 
the human body and indicate the cooling 
edect of air surrounding it. 

The air ternperathre, relative humidity 
and air movement are factors which play 
a most important- part in forming con- 
ditions of comfort in rooms. A human 
body has an almost constant temperature 
of 98'' \\, and the variou.s effects of 
atmospheric conditions surrounding the 
body include eva|)oration of 
moi.sture from th(' skin, providing a g pp 

general cooling effect. 


4k 







on H scale when Kata 
factor and cooling 
time of Kata in 
seconds are known. 


•KATA’i ERMOMETER. Fig. 1. 
" Comfort ” thermometer which 
measures cooling power of atmo> 
sphere in millicalories persq. cm. 
per sec. Dry Kata measures air 
velocity, and loss by radiation 
ana convection ; wel Kata (with 
wet sheath over bulb) also mea- 
sures cooling power by evapor- 
ation. Factor of each instrument, 
marked on stem, is divided by 
time in secs, that thermometer 
takes to cool from 100® to 95''. 

{James J. Hicks). 
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Air velocity reading when 
cooling power and air 
temperature arc known ; or 
2Q cooling power reading when 
— air velocity and temperature 
are known. 


Fig. 2i Kata chart for ready 
calculations. With ttie aid of a 
taut thread, chart can be read for 
air velocity ; cooling power of air 
at given temperature and air velo- 
city ; or amount of air velocity 
needed to produce desired cooling 
power at a given temperature. 


KAU THERMOMETER 


Ordinary thermometers register the 
temperature of a substance (such as air). 
By wet and dry bulb thermometers sus- 
pended in the same air, the relative humidity 
may be calculated ; or, given the wet 
and dry bulb temperatures, the relative 
humidity of the air may be read direct 
from a psychometric chart (see Humidity). 

The Kata is in effect a thermometer with 
a large bulb. It is first raised to blood heat 
F.) by immersion in warm water, and 
then a record is made of the time taken 
for the surrounding atmosphere to lower 
its reading through a certain number of 
degrees. Then a “ finger-stall of silk net is 
placed over the bulb and a wet-bulb 
reading is taken. Thus tiie cooling effect 
of the air on a human being can be 


gauged : the air conditions as regards 
temperature and relative humidity being 
known, a good test of comfort conditions 
can then be arrived at. 

KILOVOLT. Practical unit of electric 
pressure for high voltage work. Equals 
1,000 volts ; abbreviated kV, 

KILOWATT. Unit of electrical power. 
Equals i,ooo watts ; also equals 
1*34 horse-power (approximately). Ab- 
breviated kW. 

KILOWATT HOUR. Alternative 
name for Board of Trade Unit (B.T.U.). 
Equals current of i,ooo watts passing for 
one hour ; in heating the equivalent is 
3,415 B.Th.U. Unit of charge for electrical 
supply. Abbreviated kWh. 


LAGGING: FOR HEAT INSULATION 

By L. C. C. Rayner, A.I.E.C. 

The chief Insulating materials, with notes on methods Of application to boilers and 
pipes. For information on the effect of lagging in reducing the loss of heat from 
pipes, etc. see Heating: (I); Heat^Loss; Hot Water Supply: (I). 


Lagging is material applied to hot 
surfaces to reduce as far as possible the 
heat given off by them, also called in- 
sulation. The attributes of good lagging 
are high efficiency, durability, resistance 
to knocks, lack of attraction for vermin, 
ease of application and good appearance. 
With high temperature surfaces the 
covering must resist the destructive action 
of the heat. 

Efficiency is put first, as being the most 
important. No matter ht)w many other 
good points lagging may have, if it is not 
efficient it does not serve its purpose. 
Indeed, in the case of poor lagging the 
heat emission from a hot surface is greater 
with it than without. If, for example, 
a i-in. pipe is insulated in. thick 
(making the total diameter 4 in.), its 
circumference and consequently its radia- 
ting area will be increased to four times 
its original value. If the insulation reduces 
the surface temperature tu only one 
quarter of its original value, the heat 
emission from the increased area will 
equal that from the bare pipe, and the 
insulation will be useless. 

Efficiency of Insulation. The 
efficiency of lagging as applied to pipings 
is the ratio of the heat given off per foot 
of bare piping minus the heat given off per 
foot of lagged piping, to the heat given off 
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per foot of bare piping. Thus, if a foot of 
2-in. pipe emits 120 B.Th.U. per hour when 
bare, mid 30 B.Th.U. when lagged, the 
efficiency is 75 per cent. Efficiency of 
insulation is dealt with in detail in British 
Standards 1304 of 1946 and 1334 of 1947 
covering “ ready-to-fit " and pre-formed 
insulating materials (see p. 186B). Insu- 
lation depends on heat conductivity, the 
worst conductor being the best insulator. 
The external finish also plays a part. For 
best results it should be smooth ajid 
brightly polished, reducing radiation to 
a minimum. This is not often possible, 
but at least the .surface may be smooth and 
painted with a light coloured paint. Black 
varnish is often used, but sliould be avoided, 
as black surfaces are the best radiators. 

Some coverings have very poor effi- 
ciencies and do not repay the money 
invested in them. For this reason lagging 
materials should always ^e obtained 
from reputable firms. 

Air is an extremely bad conductor, 
provided convection currents are not 
set up. Most lagging material, therefore, 
is of spongy texture, so that its mass is 
filled with minute air pockets. The 
greater the number of air pockets per 
cubic foot of material and the thinner 
the walls separating them, the better the 
lagging. The latest method of insulation. 



LAGGING 



LAGQINQ. Fig. 1. Plain sections of “ Newtempheit ” insulation for pipes ; 
for reducing heat losses when temperatures are between 625** and 1 ,625° F. 
Appropriate sections of same insulation made for boilers, turbines, etc. ; 
standard length 3 ft., thicknesses 1 in., U in., and 2 in. 

Newalla Inautatinn Co. 


while utilizing air spaces, also employs 
rather a different principle. It consists in 
wrapping about three sheets of crumpled 
foil around the pipe the outside being 
protected by a steel casing. Here the 
foil, being briglit and retaining its bright- 
ness, radiates a minimum of heat, acting 
somewhat similarly to the bright silvered 
surfaces of a vacuum flask and reflecting 
back the radiant heat. 

Lagging Materials. The most 
common materials are diatomaceous earth 
'Vipselguhr), asbestos mixtures, 85 pa* 
cent, magnesia (hydrated basic carbonate 
of magnesia mixed with asbestos fibre), 
hair felt, slag wool, and glass silk. 

Diatomaceous earth, also known as fossil 
meal, is obtained from the Continent 
in the form of a grey powoer, and is 
usually mixed with a certain amount of 
asbestos fibre to strengthen it. Mixed 
with water it is applied to the hot surface 
in the form of a paste. This is the 
most usual form of plastic covering. 
The asbestos adds to the efficijiicy but is 
more expensive. 

Eighty-five per cent, magnesia is an ex- 
tremely good insulator but very weak 
mechanically. It must always be protected 
on the outside with a layer of hard-setting 
compound composed of 
fossil meal, asbestos and 
plaster. The term 85 per 
cent, has nothing to do 
with the eiftciency of the 
covering, i>ut indicates 
that the material in- 
cludes not less than tbat 
percentage of pure 
magnesia. Hair and wool 
felts are used for wrap 
ping pipes, but have 
the disadvantage that 
they harbour vermin 
unless specially treated. 


For this reason, and also 
because it has a higher 
efficiency, asbestos felt or 
asbestos blanket is to be 
preferred. Glass silk in 
sectional or strip form is 
widely used for pipes. In- 
sulation is reci'iving close 
attention and new ma- 
terials such as vermiculite 
(expanded mica) are being 
developed. 

Boilers. Most manufacturers of sec- 
tional heating boilers provide jackets 
of galvanized steel for them. These have 
the advantage of resisting knocks from 
stoking tools. While they arc new and 
shiny they are fairly efficient. To retain 
their efficiency they must be lined with 
asbestos slabs, or the boiler first covered 
with crumpled aluminium foil. Jackets 
are not obtainable for round boilers, 
which arc best insulated with 85 per cent, 
magnesia a])plied in at least two layers 
to a thickness of ij in. This should be 
reinforced with wire netting of about 
2-in. rnesh applied to the last layer. 
The magnesia should be supercoated 
i in. thick with plastic asbestos trowelled 
to a smooth fini.sh and j)ainted two coats 
of light coloured heat-resisting paints. 

Big boilers should have a wrapping of 
canvas outside the lagging, and be banded 
with brass, the total thickness l)eing in- 
creased to 3 in. For large boilers having 
long and heavy stoking tools, a mild steel 
*rotcction plate should be fitted over the 
. gging around the fire door. Cylinders 
and tanks are treated in a similar manner. 

Lagging to Pipes. The most usual form 
of insulation for hot pipes which will be 
accessible at the cornj)letion of the work 



LAGGINC 


is plastic or sectional magnesia or asbestos 
and fossil meal. These plastic materials 
must be applied to hot i)ipes. Usually 
pipes up to and including 2-in. bore have 
lagging of in. thickness, and for those 
over 2-in. bore a total thickness of 2 in. 

The final surface should be smooth and 
be painted two coats. Pipes in corridors 


efficient as possible. The material best 
suiting these requirements is glass silk, 
which may be obtained in strips of any 
desired width. 

Smoke Pipes. It is occasionally neces- 
sary to insulate a smoke pipe to prevent 
overheating of its surroundings. Plastic 
magnesia and asbestos or asbestos rope 
are the best material. 



They should be spaced 
away from the pipe metal 
to avoid burning. 

LAMP : Electric. An 

incandescent lamp is one 
in which a conductor 
(known as the filament) 
enclosed in a glass en- 
velope (or bulb) is raised 
to white heat (or lumi- 
nescence) by the passage 
of an electric current. Tlie 


only two filament rna- 


LAQUING. Fig. 3. “Empire” sections for pipe lagging: 85 per cent, tcrials 111 IISC tO-daV are 
magnesia ; all surfaces and edges covered by asbestos paper ; 3 ft. long, 2 in., i i x i 

1 in., in. and 2 in. thick ; ready-moulded bends, elbows, etc., also avail- CarOOIl ailCl tungSteil. 

able ; weight 12 lb. per cu. ft. ; bands fixed at 18 in. centres. Thp Hmnc 

{Newalls Insulation Co.) * iciiiips 

• on the market have 


or other situations, where they are likely 
to be kicked, should be wrajjfDed with 
canvas neatly stitched. When pipes are 
fixed in ducts or chases they will ])robably 
be covered in hciorc the work is com- 
pleted. Here sectional covering should 
be applied. This takes the form of hollow 
cylinders usually 2 ft. or 3 ft. long, the 
internal diameter being made to suit 
different pipe diameters. It is made from 
plastic magnesia or asbestos cast in 
moulds, and sometimes from layers of 
corrugated paper. It is split longitudinally 
dowm the middle after being wrapped 
with hessian. The hessian is cut on one 


tungsten filaments, but a few con- 
servatively minded peojde stick to 
carbon filament lamps for special pur- 
poses (for instance, for use in situations 
where great resistance to mechanical 
shock is required, and to make up banks 
of re.sistance). There are now modern 
alternatives far more satisfactory. 

Tungsten filament lamps used for 
domestic lighting are known as general 
service lighting lamps (G.S.L. for short), 
and reliable manufacturers make these 
to comply with British Standard 161 #; 
in addition to laying down the lamp 
manufacturing tolerances, this Standard 


side and left intact on the — 
other, so forming a hinge, e 
In use the covering is opened B 
about the hinge and put on ^ 
the pipe. It is then closed 
and finally secured with 
thin brass straps. P 

Where pipes are fixed 
under a wooden floor the t 
main difficulty is that p 
notching joists will be ^ 
necessary. Also, boards E 
must be protected from R 
excessive heat which will H 
warp or shrink them. The 








insulation should, there- Fib* Intulated and removable flange and valve covert, obtainable 
fr\rn Kn oe either atMined 26 W.Q. sheet metal boxes or as compressed asbestos 

lore, DC as tnin ana covers. {NewalU insulation Co.) 


634 



LAMP ; ELECTRIC 


specifies the maximum and minimum 
initial efficiencies for the various ratings, 
the minimum life, and the behaviour 
throughout life. 

The rating of a lamp is the number of 
watts that it consumes at rated voltage. 
Both of these figures should be clearly 
marked on the bulb ; sometimes they are 
marked on the cap as well. Formerly 
lamps used to be denoted by candle- 
power, but the total light output of a 
lamp is now expressed in lumens, and 
its efficiency in lumens per watt. 

Types of Incandescent Lamp. There 
are three main types of general .service 
lamps : vacuum, ga.s-filled single coil and 
gas-iilled coiled-coil. In the first the 
filament is contained in an evacuated 
glass bulb. This type is still the most 
efficient for ratings up to 40 watts, 
though some manufacturers have ex- 
perimented with lamps containing a small 
proportion of a very rare, exptiiisive gas 
with the object of imj^roving the efficiency 
of these lower ratings. For ratings abojx' 
40 watts, gas-fillc‘d lamps have a better 
efficiency and the improvtiment in efficiency 
increases with the rating. In making a 
gas-lilled lamp the bulb is evacuated and 
refilled with a mixture of argon and nitro- 
gen (nitrogen alone for certain ratings). 

The filament of the coiled-coil lamp is 
made by first winding the tungsten wire 
into a coil and then coiling this coil, thus 
concentrating the filament into a smaller 
sf)act‘. This has tlui effect of improving 
tlie efficiency still further, :;.s much as 
•20 per cent, in some cases. At I'nesent 
coiled-coil lamps are made only in ratings 
up to 100 watts : abovx' this, gas-fille 1 
single-coil lamps are used. 

At one time it was tliought that coiled- 
coil lamps were g<ang to pro\'e unreliable 
and to have only a short life, but this has 
not in fact proved to be the case ; and 
coiled-coil lam])s may be exj)ected to 
reach the specified life of 1,000 lujurs. 

Althougli some pieces of electrical ap- 
paratus are not affected by small changes 
in voltage, this does Jiot ap ’y to lamps. 
P'or efficient working it is essential that 
an electric lamp should run at its rated 
voltage. An increase in the voltage of 
I per cent, decreases the life of a lamp by 
16 per cent., and a decrease in voltage of* 
I per cent, decreases the light output by 
4 per cent. The only occasion when it is 


permissible to under-run a lamp is when 
the variation in supply voltage is so 
large, in defiance of statutory regulations, 
that to run at rated voltage would lead 
to frequent burn-outs. The efficiency of 
a lamp decreases with use, and when it 
has run for 1,000 hours is only 75 per cent, 
of its initial value. 

Gaseous Discharge Lamp. In this 
type the light source is an electric dis- 
charge betwi'en heated electrodes through 
a gaseous filling containing metallic vapour 
(mainly .sodium or mercury) at high 
pressure. The tube, or bulb, in which the 
discharge occurs is itself enclc)sed in an 
evacuated glass jacket, the object of which 
is to assist in maintaining the high tem- 
perature required to vaporize the volatile 
metal. The lamj)s ojrerate at mains voltage 
but, unlike; incandescent lamps, require 
ancillary apparatus such as chokes and 
condi'iisers in circuit. Mercury discharge 
lamps have a light output aj)proxiniateiy 
three times, and sodium vapour lamps 
about five times, that of electric incan- 
de.scent lamps. Originally tht‘ former were 
of a ])eculiar blui.sh-green hue, but the 
colour has since bec‘n improved ; the 
sodium lamps give an intense yellowish 
light. Initially mainly u.sed for street and 
factory lighting, they are rapidly being 
supersedcil by fluorescent lamps for the 
latter purpose and to a les.sei extent, but 
increasing extent, for the former. 

Fluorescent Lamps. The.se are lamps 
in which ultra-violet radiations of a 
ow-pressure mercury-vapour electric dis- 
harge are converted by a special fluores- 
cent coating on the inside of the containing 
tube into visible light. There arc five 
standard shades : daylight, natural, warm 
white, m(‘llow and peach. Coloured lamps 
arc also available. Lamps are manu- 
factured in the following sizes and ratings : 
15W, ij ft ; 20W. 2 ft. ; 30W, 3 ft. ; 
40W, 2 ft. and 4 ft. ; SoW, 5 ft. ; 50-70W, 
8 ft. I in tube ; 75 -i 25 \V, 8 ft. in. 
lube. Tin; 15, 20, 30 and 4o\V ratings 
hav ' bi-pin caps ; SoW and 75-125W, 
B.c . caps ; and 50-70W, special caps. 

Ancillary ai)paratus, starting switch, 
choke and condensers, are built into the 
fitting, and installation presents no diffi- 
culty. They have a con.siderably higher 
light output than incandescent lamps of 
the same wattage, but first cost is higher. — 
R. A. Baynton, B.Sc., A.M.LE.E. 

<’35 a X s 



LANTERN LIGHT 


LANTERN LIGHTS: THE LEADWORK 

By J. Malpats, M.R.San.l« 

Notes on weatherings, flashings and other plumber's work to Lantern Lights. 
Practical hints are given on condensation troubles. The treatment of asphalt 
and lead covered roofs is discussed. See Flashings ; Roofwork ; Skylight. 


A lantern light may be constructed on a 
flat roof or at the ridge of a pitched roof. 
It is used to give added ventilation and 
light, especially in the case of a flat roof, 
as it is difficult to roof- 
light rooms below this type 
by any other method. The 
lantern may be construct- 
ed of wood or steel, depend- 
ing on the construction of 
the main roof. 

A lantern light in steel 
does not call for any work 
from the plumber other 
than the glazing, as all 
weatherings are in steel. 

If constructed in wood it 
comprises (i) a wood curb, 
which is plated on the 
trimmer joist and allowed 
to project about 6 in. 
above the roof level ; (2) 
the framing, which is made 
in sections or constructed 
in the joiner's shop and delivered on the 
job complete. The framing, which rests 
oil the curb, consists of vertical posts stub- 
tenoned into the sill, the posts .being 
framed together by horizontal rails. The 
roof is usually of the pitched type, with 
either gable or hipped ends, and it is the 
practice to glaze where possible all sides 
and the roof. This may be done by means 
of wood glazing bars or by patent glazing. 

The sides of the lantern are used for 
ventilation purposes ; they may be con- 
structed in the form of glass louvre 
lights, or have hinged frames, or frames 
which pivot on a pin fixed in the centre 
of the light. The latter type would be 
controlled from the floor 
for opening and shut- 
ting by means of a 
puUey and rope on a 
quadrant stay. 

Condensation 
Troubles. A great deal 
of condensation takes 
place in a lantern light, 
owing to the warm, 
moisture-charged air 
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LANTERN LIGHT. Fig. 1. Lead flash- 
ing to lantern light, covering upturn of 
asphalt or lead flat and continuing 
between nnennbers of curb and sill. 


from below condensing when it strikes 
the cold glass surface. On this account 
condensation grooves or gutters and out- 
lets must be provided in the construction. 

It is difficult to indicate the 
particular type of pro- 
vision needed, because it 
will depend greatly on the 
inside furnishings and 
fittings of the lantern light. 
If the pitch of a glass roof 
is not very great, condense 
drippings will fall, instead 
of running down the glass 
and escaping through the 
outlet provided. It is, 
therefore, advisable to de- 
sign the roof with a pitch 
between 30 and 40 deg. so 
as to overcome this diffi- 
culty. 

A triangular-shaped cut, 
tapering down to an outlet 
hole I in. wide, should be 
made in the bottom rail between each 
glazing bar on the roof lights ; this passage 

C/osed m. Position 

^Shoet Leoa 


PoJd hors 



/■ 

Coppsn Nail 


Copper Nj.l 


''h.eetiead 


Lead Tack 
to keep Lead 
in Position. 

Gkus' 



Fig. 2. Watertight Joint between wood ridge 
and glau, made by lead-covered roll, with tack 
to hold lead iii poeition. 


Lead covering for copper nail to fix vertical 
lead work on stiles or posts, shown open on ieft and 
closed on right. 

will allow the condense to pass safely out- 
side the building. (In patent glazing it is 
the usual practice for 
the condense groove to 
be incorporated in the 
bar.) 

For dealing with con- 
dense on the vertical 
lights, a lead gutter 
should be formed all 
round the lantern, and at 
various points J-in. bore 
lead or copper pipes 


Z''Wood 


Ridge Piece 
Rebated to 
receive 
Gkiz/ng Bar 


Patent Glnzing Bare 
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should be taken to 
discharge in the outer 
atmosphere. (The size 
for outlet pipes may 
seem rather large, but 
it is recommended from 
practical experience. It 
is found that small-bore 
pipes soon become 
choked with dust and 
fluff, and fail to take 
the condense away.) 

Flashings to Lantern 
Lights. It is the prac- 
tice on large buildings 
to cover flat roofs with 
bitumastic asphalt. 

Here methods of making 
such roofs watertight 
will be described ; the 
same methods may be 
employed for sheet lead 
coverings. Fig. i shows 
a lead flashing ; it starts 
a:: cut 2 in. from the 
asphalt flat and continues up and between 
the various members of the wooden ctirb 
and wood sill, eventually being turned up 


This type of roll may 
also be used where the 
glass meets the framing 
on the hips. 

It is advisable to 
cover the stiles or posts 
of the lantern with sheet 
lead, as it is very often 
found that the timber 
cracks on drying, and 
rain will get in through 
them. The covering is 
quite a simple matter, 
the lead being simply 
turned round the post 
and sunk into the rebate 
at the sides which admit 
the opening lights. To 
support this vertical 
leg-dwork a piece of 
sheet lead 2 in. by i in. 
is speared by a copper 
tack and nailed to the 
face of tlie lead ; it is 
then folded over to 
cover the nail head, as in Fig. 3. 

The phytograph given in Fig. 4 shows 
a lantern light fixed to a pitched roof of 
glass over a drawing office. 
^ Every light on the side 
elevation is pivoted to open, 



LANTERN LIGHT. Fig. 4. Lantern light 
built on pitched glass roof over drawing office, 
made watertight by means of lead soakers 
and flashing #ith double welts. 





0^ and is controlled from the 
floor by means of a quadrant 
stay. 

Only the sides of the lantern 
^ light are glazed in this case. 

' The roof and ends arc covered 

with asbestos tiles of standard 
type, and the ends arc made 
watertight to the main roof 
- by means of a lead soaker. At 
the ridge the soaker is worked 


Figs. 5 and 6. Two aspects of lantern 
lights on flat roof over lavatories; 
lead work details resemble those of 
Figs. 1 and 2. 


behind the sill for a distance 
of I in. and copper i\ailed. 
Fig. 2 indicates the method 
of making a watertight joint 
between the wood ridge, and 
the edge of the glass ; it con- 
sists of a wooden roll 2 in. in 
diameter planted on the ridge 
piece ; the K ad is covered over 
the roll and dressed dowm to 
the glass face for about 6 in. 
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to form a saddle 
and at the bottom 
is worked round the 

post in a manner 

similar to that used I I I I I 
for a chimney 
apron. 

The bottom part 

of the framing con- ^ 

sists of a wood curb mounted on the 
trimmer ; this trimmer is rebated to carry 
the top ends of the patent glazing of the 
main roof. It will be noted that in this 






LAP IN LEAD ROOFING. Fig. 1. Longi- 
tudinal section of gutter and cesspool (B) 
between two parapet walls, with splash-laps 
(A) made in gutter lining at drips ; side 
flashings (C) are lapped 3 In. 



Fig. 2. Calculating length of 4^tps for lead 
covering on low-pitched roof (see text p. 639 
for explanation). 


case the lantern light proper has not a 
wood sill, the pivoting lights closing on to 
the curb. 

The lead flashing is taken up over the 
various members of the curb and turned 
down I in. inside the building ; the 
bottom edge of the flashing is dressed 
down 6 in. on to the main roof glass 
surface. Owing to the exposed position 
of this range of lantern lights it was found 
advisable to use a double welt instead of 
just “passing’' (see Lap) the lengths of 
lead flashings. Figs. 5 and 6 show two 
aspects of lantern lights to a flat roof 
over lavatory accommodation. The lead- 
work details are very similar to those 
shown in Figs, i and 2. 

LAP : In Lead Roofing. A joint 
or passing 
formed between 
two pieces of 
lead in horizon- 
tal, sloping, or 
vertical posi- 
tions. Laps (or 
passings, as 
they are some- 
times called) 


are the parts of two pieces of sheet lead 
passing one over the other to form continu- 
ous lengths where running horizontal {e,g, 
as the lead turned up against the walls of 
flats and gutters). 

Fig. I shows a longitudinal section of 
gutter and cesspool between two parapet 
walls. The gutters stand up against the 
wall 6 in., and are lapped at each length by 
a drip ; the splash-lap at A in the diagram 
is usually in. wide, the drip being 2 J in. 
to 3 in. deep. The first gutter, start- 
ing from the cesspool B, is turned up at 
the drip and worked over the top edge 
about 1 1 in. (the woodwork having been 
previously sunk to suit the thickness of the 
lead) and nailed down with copper nails. 
The next gutter is then laid and the lead 
worked over the drip and down on to the 
gutter below, forming the lap and splash- 
lap as required. 

The same process must of course 'oe 
repeated for each gutter. The flashings 
are then fixed : they are usually 7^ in. 
wide, thus allowing for 6 in. on face of 
wall to lap over the edge of gutter, and 
ri in. to turn into the brickwork joint. 
The flashings arc usually cut across the 
sheet, being in 7-ft. lengths. For details 
of the undercloak and overcloak of the 
drip see Fig. 3. 




Fig. 3. Details ot undercloak and overcloak of drip 
used In gutter of Fig. 1 . Nib left on undercloak upstand 
Is turned over edge of overcloak at B to form tack, 
while splash-lap C lies on sole of gutter. 
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The lead nib seen in the dia* f* 

gram is left on the turn-up } !l 

against the wall in the under- x/l 

cloak of drip; the overcloak VV’ ' - 

turn-up is then worked down gi— 

into the drip, and where the 

lead passes or laps at the drip I 

the nib is turned over and I 

forms a tack, as shown at --il ^ 

13 . The splash lap C is shown // 

at the bottom of drip, lying ! ^ 

on sole of gutter. At each uSLj 

joint they are lapped 3 in., ~~ i v . . .. 
as shown at C. S 

Low - Pitched Roofs. I 

Roofs of low pitch covered ] 

with lead should be pro- [ \] 

tccted from capillary attrac- [ ll 

tion at the lap. The length 1 H 

of lap required for any 

pitched roof is found by 1 } s 

taking the least that would / 

be allowed for a vertical j\\ 1 

drip, which is 2^ in. Draw * * 

line to represent the f'anof lead covered 

pitch Ot the root (in this capillary grooves (dotted in) under 

case assumed to be 30 deg. '“p* ‘‘““p" ‘“'own^m 

from the line D, E (Fig. 2 
in page 638). 

Diaw a vertical line F, G ; mark off on it into the 
this line 2J in. From the point G draw a must be left 
jarallel line to the base D. E. cutting the ing up under 



Fig. 5. Section of capillary groove 
on low-pitched lead-covered roof 
(see also Fig. 4) ; method of fixing 
sheet lead is indicated. 


line of the pitched roof B, 
C, at H. The length from F 
to H is the least length of 
lap that should be allowed. 

Fig. 4 show's the plan of 
a lead covered low-pitched 
roof having w^ood rolls, in- 
dicating the arrangement of 
the laps and capillary 
grooves. These grooves arc 
cut into the woodwork be- 
fore the lead is laid, after 
which the undercloak piece 
of lead is chased into them 
by a chase wedge. Then 
the overcloak is laid, 
leaving it quite fiat ; care 
must be taken not to dress 
grooves since an air space 
to prevent the water creep- 
■ the lap. 



Fig. 6. Flashing at corner of chimney stack, 
showing lap of side step flashing over front apron. 
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Fig. 7. Inverted dormer in section, showing lap 
of sill lead, cheek, and aprons. 


lap-over 

soakers 


The section of the 
capillary groove lap and 
method of fixing the sheet 
lead is seen in Fig. 5. 

Dormer Details. The 
flashing at the corner of 
a chimney stack is shown 
by Fig. 6, and certain 
dormer details are ex- 
plained by Figs. 7 and 8. 

Thus Fig. 7 indicates lap 
of sill lead which covers 
tum-up of lead flat to an 
inverted dormer, and also 
the turn-down to lap 
over the apron. Fig. 8 
shows lap of dorme 
cheek covering the sheet 
lead soakers. — H. Barrett, 

M.RSanJ. 

LATENT HEAT. The quantity of 
heat absorbed by unit mass of a substance 
during a change of state without increase 
of temp)crature. Latent heat is of two 
kinds : (a) latent heat or fusion (or 
liquefaction) absorbed during a change 
from solid to liquid ; (6) latent heat of 
evaporation (or vaporization) , taken up 
during a change from a liquid to a gaseous 
state. “ Unit mass ” refers to weight, and 
in engineering the standard weight is i lb. 

** Latent " means “ hidden," and latent 
heat is hidden in the sense that, however 
much of it may be present in a substance, 
its existence cannot be detected by a 
temperature recording instrument such 
as a thermometer or pyrometer. The 
reason is that the energy (and heat is only 
a form of energy) has exhausted itself in 
either (a) changing a solid to a liquid, 
or (6) converting a liquid into a gas. It 
might be said that while this heat or 
energy was so occupied, it could not 
attend to its usual business of raising 
temp)erature— in short, that it could do 
only one job at a time. Actually, this 
seemingly lost heat is transformed to the 
mechanical energy necessary to bring 
about the desired change in "he compact- 
ness of the molecular structure and 
volume of the substance. It may be noted, 
in passing, that heat which can be 
measured by a thermometer is known as 
" sensible^ heat," because it can be 
" sensed " by a recording instrument. 

Ice» Water and Steam. The best' 
example of both kinds of latent heat is 
seen in the continued application of heat 



LAP. Fig. 8. Lap-over soakers against 
dormer cheek, used to make weather-tight 
joint to sloping roof. 


to a I lb. block of ice, at 
a temperature of 32® F.. 
contained in an open 
vessel. The block would 
absorb 144 British 
Thermal Units (the latent 
heat of fusion of ice) 
while the ice is melting, 
and during that time the 
temperature of both ice 
and water would remain 
constant of 32® F. Only 
when all the ice had 
melted would the tem- 
perature of the water 
commence to rise, at a 
rate of i® F. for each 
B.Th.U. absorbed. This 
would continue until the 
water started to boil, at 
212® F. At this point the temperature 
would again remain stationary until all 
the water had been changed to steam. 
It would be found that, to effect this 
second change of state, the water had 
'absorbed 9707 B.Th.U., and this without 
the slightest variation of temperature from 
212® F. It is worthy of note that 9707 
B.Th.U./lb. (the latent heat of steam at 
atmospheric pressure) does not affect 
temperature during boiling, although, 
ordinarily, i B.Th.U. will raise the tem- 
perature of I lb. of water through 1® F., 
and 970 B.Th.U. would normally be 
sufficient to heat nearly 10 gal. through 
10® F. Further heating would then raise 
the temperature of the steam above 
212® F., so that it would become ** super- 
heated," but that could not happen while 
any water remained to be evaporated. 

Steam Heating. It is this great store 
of latent heat in each pound of steam that 
is utilized in steam heating. Because 
9707 B.Th.U. have become latent during 
evaporation, each pound of steam must of 
necessity give up that quantity of heat 
during condensation, and before a pound 
of steam can again become a pound of 
water. That is, of course. What happens 
in steam heating. In contrast to the yield 
of only from 30 to 40 B.Th,U. from each 
pound of hot water circulated, the use 
of steam will provide nearly 1,000 B.Th.U. 
per pound of water evaporated in a boiler 
and allowed to condense to water at the 
points where heat is required. 

Effect of Pressure. The pressure 
under which steam is generated has a 
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Table I. — Relation of Latent Heat of Steam 
to Pressure 


Gauge 

Pressure 

Ib./sq. 

in. 

Boiling 

Point 

®F. 

Above ^2° 

F. 

Sensible 
Heat 
B.Th.U 
per lb. 

Latent 
Heat 
B.Th.U 
per lb. 

Total 
Heat 
B.Th.U. 
per lb. 

(I) 

(2) 

(3) 

(4) 

(5) 

• 0*0 

2 I 2'0 

180*0 

970*7 

1150*7 

2*3 

219*5 

187-5 

966*2 

1153*7 

5*3 

228*0 

196*1 

961*0 

ii. 57 ‘X 

10*3 

240*1 

2 o 8‘4 

953-3 

1161-7 

15*3 

250*3 

218*8 

<>46-7 

1165-5 

25*3 

267*2 

236*0 

935-6 

1 171-6 

1003 

338-1 

3«9‘2 

884-3 

1193-5 


Atmospiicric pressure. Total heat = Sum of 
Columns 3 and 4. 

See also Table under Steam : Properties. 


considerable effect upon the latent heat of 
whv. steam. As pressure increases anti 
boiling point rises, there is a progressive 
reduction in the quantity of latent heat 
required to evaporate the water ; and, 
consequently, there is a proportionately 
lower emission of heat from the steam 
during condensation. 

As will be seen from Table I, an un- 
necessarily high pressure in a steam 


heating boiler would mean less latent heat 
per pound of steam condensed, and 
correspondingly hotter condense water. 
Some of this latter heat is recovered when 
the water of condensation is cooled below 
its boiling point, as frequently happens in 
steam heated calorifiers. It is for this 
reason, as well as for greater safety and 
ease of operation, that the pressures used 
are always as low as possible, consistent 
with effective circulation of steam to the 
heat-distributing units. An extended 
Table is given later under the heading 
Steam: Properties. 

Latent Heat of Fusion. All sub- 
stances take up some quantity of latent 
heat when a change of state is brought 
about by heating. Table II shows the 
latent heat of fusion of a number of the 
more common metals. — J, W, Cowan, 
AM.LH,V,E. 

See Heat ; Hot Water ; Steam. 

Table II. — Latent Heat of Fusion 

Substance Latent Heat of Fusion 


Aluminj^um 

166 B.Th.U. per lb. 

Copper 

78 

do. 

Iron, cast grey 

59 

do 

Lead 

9 

do. 

Nickel 

122 

do. 

Steel 

3f> 

do. 

Tin 

25 

do. 

Zinc 

43 

do. 


LAUNDRIES: PLUMBING & HOT WATER SUPPLY 

By L. C. C. 

Outlining the requirements for laundry eqi pment in the home and also the needs 
of larger laundries. Notes are included for gauging the hot water supply desirable 
(or the various 'lachines and appliances. 


Laundries in the home, following 
American practice, are increasing in 
Britain even if part of the kitchen or 
scullery actually houses the equipment. 
This tendency has been fostered by the 
sale of electric washing machines by 
electricity supply companies. The fittings 
required for a home laundry are the 
washing machine and# usua y, laundry 
tubs. 

The washing machine will require hot 
and cold water, but provision is not 
usually made for a direct connexion to the 
piping system. This requirement can best 
be met by providing taps over or adjacent 
to the madiine. They should be not smaller 
than 1 in., since the average machine has 


a water capacity of about 15 gal. The 
provision to be made for cmpitying the 
machine will depend on whether it is in 
d kitchen or special room. In the former 
case no special outlet is usually provided. 
In the second case a floor channel and 
gully may be used. In cither case the 
mariiine is not directly connected to the 
drainage system, but the discharge from 
the emptying cock is allowed to fall into 
whatever receptacle is used. 

Laundry Tubs. These are similar to 
deep sinks, but always have a partition 
in the middle, the two compartments thus 
formed being used for washing and rinsing, 
etc. *The partition also serves as means 
of support for a wringer. The tubs are 
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made of vitreous enamelled iron, glazed 
fireclay or vitreous china, the latter being 
the best. They are usually supported 
from the floor by means of piers forming 
part of the fitting. One waste serves both 
divisions, and this should be treated as an 
ordinary sink waste. A weir overflow is 
usually incorporated in the fitting. 

In a domestic house the laundry require- 
ments arc often insufficient to warrant 
installation of a single-purpose washtub ; 
in such case a special two-compartment 
fitting may be obtained similar to that 
illustrated in Figs. 1-3. The left-hand 
compartment is adapted for use as a sink, 
both compartments bein employed for 
laundry work. Details ol the waste fit- 
ments are shown in Fig. 3. Teak inserts 
are often fitted to the front of the tub to 
prevent damage by ])ugkets. For laundry 
tubs the waste should be not less than 2 in. 
Hot and cold water arc required over each 
compartment, and f-in. taps should be 
used. 

Plumbing. The majority of the 
plumbing in a large laundry follows 
standard p)racticc. Most of the special 
fittings, indeed, require no 
plumbing. The room con- 
t a i n i n g the washing 
machines is of the most im- 
portance to the plumber. 

Here the great essential is 
floor drainage This is best 
jrrovided by frequent floor 
channels to which the floor 
must slope. The w^ashing 
machines also will discharge 
into these channels, each of 
w’hich should terminate in 
a sealed gully. Water con- 




LAUNDRIES. Fig. 1. “ Fereneze " one-piece fireclay 
washtub and sink, with galvanized Iron wringer plate ; 
discharges into combined outlet. Overall size, 48 in. 
by 20 in. by 15 in. See Figs. 2 and 3. (Shanks &( o , Ltd) 

nexions both hot and cold are required 
for the washing machines, and they should 
not be reduced in size below the diameter 
of the openings on the machines. 

Ventilation. A large amount of water 
vapour will be given off in the wMshing- 
room. In single-store}" buildings this may 
be dealt with by natural v(*ntilation if 
sufficient wundf)w and sky- 
light area is obtainable. If 
not, mechanical extraction 
ventilatii'ii with hoods over 
the machines will be 
nece.ssary, .similar to that 
provided in a kitchen (see 
Hotel). Drying-rooms and 
horses need steam and con- 
densation connexions. The 
manufacturer will su])ply 
data as to steam consump- 
tion, to enable the proper 



Fig. 3. Longitudinal section through " Fereneze " com- 
bined washtub and sink, showing discharge pipe through 
side wall : overflow ; arid sink bottom at higher level. 
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Fig 2. Cross-section of “ Fereneze _ , _ 

washtub, showing discharge pipe pipe sizcs to bc determined, 
through back wall. ^ ^ 

Boiler House. Most 
large laundries will have a boiler house 
with steam boilers. Cold water will 
be neccssar}^ here for the bf)iler feed 
tank, which usually includes its own 
ball valve. A floor gulty \j^ill also be 
required. A blow-down tank should 
be provided to /cceive the water from 
the boilers when they arc ’blown down. 
This water will probably be above 
boiling point, and so must not bc 
discharged direct to the drain. A 
capacity equal to about one-sixth the 
boiler content is usually sufficient, 
since the boilers are never emptied 
when they arc hot. The tank 
should preferably be of cast-iron and 
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should be fitted with a vent, which is 
usually about 3-in. in diameter. This is 
necessary to prevent pressure building up 
in the tank. The connexion to the drain 
should be taken from near the top of the 
tank, with a dip pipe extending nearly to 
the bottom, so that the coldest water 
flows to waste. 

Hot Water Supply. The hot water 
requirements of laundries differ from 
most other buildings in that the demand 
is continuous. It is impossible, therefore, 
in commercial laundries to allow for a 
heating-up period and water must be 
heated as and when it is required. Private 
houses in Britain do not usually in- 
corporate separate laundries. It is 
becoming increasingly common, however, 
to find electric washing machines in- 
stalled and perhaps sjiecial sinks for 
wa.shing clothes. Additions must be 
made to the normal domestic require- 
ments to allow for these, as follows : for 
washing machines 15 gal. per hour and 
Inundry tubs 10 gal. per hour. Thes« 
should be added to the maximum hour 
demand before computing the boiler and 
cylinder capacities. The quantities assume 
that the peak demand for hot water for 
baths will not be at the same time as 
that for the laundry. This assumption will 
apply to any normal house. It is essential 
that the water be really hot, 150"^ F. 
being the minimum. 

When considering hot water su])ply for 
laundries in buildings such as hotels, 
hospitals, etc., or for public laundries, the 
biggest demand is created by the washing 
machines. These will require approxi- 
mately 1,000 gal. per day and 200 gal. pei 
maximum hour each. When being filled 
thej^ may use al.M.)ut 20 gal. to 40 gal. 
per minute. The total hot water con- 
sumption will amount to about -J gal. to 
I gal. per ])iccc laundered per day. 

For example, if a laundry contains six 
washing machines the maximum hour 
demand foi*the machines only will amount 
to 200 X 0 1,200 gal. To this must be 

added a margin to alk)W foi water used 
in other fittings— say 15 per cent.— giving 
a total demand of 1,200 X 1-15 = 
gal. per hour. If hot water is to be 
provided by a system including a storage 
cylinder or calorifier, allowance must be 
made for the mixing of cold water coming 
into the storage vessel with the hot water 
already in it. Precautions should be 


taken as described below to avoid this, 
but even so it will take place to an extent. 
To the calculated required storage capa- 
city therefore about 20 per cent, should 
be added. In the present example the 
net storage capacity required will be 
1,380 X 1*2 = i,b6o gal. 

When the laundry equipment is in a 
dwelling house the di*mand for them is 
added to the capacity required for baths, 
etc. As an example, a house requires a 
storage cylinder of 150 gal. for normal 
use and it contains a washing machine 
and two laundry tubs. The machine 
requires 15 gal. and each tub 10 gal., so 
that the total storage to be provided will 
be 150 + 15 + (2 X 10) = 185 gal. The 
boiler power should be increased corre- 
spondingly. 

Calorifiers. Most laundries wall have 
a steam boiler, as *steam is required for 
the various machines. The best method, 
then, of providing hot water will be by 
means of a steam heated storage calorifier 
(see Calorifier). These heat the water 
quickly, most standard calorifiers being 
capable of heating their full water content 
from coUfto 150^ F. in about ten minutes. 
On no account should advantage be 
taken of this fact to reduce the storage 
capacity. In the example calculated 
above, where 1,660 gal. are required, a 
25()-gal. storage calorifier capable of heat- 
ing 1,500 gal. per hour would provide 
1,750 gal. of hot water per hour. This 
would, however, be a very uneconomical 
istallation, since the instantaneous de- 
..and on the boiler would be very high. 
Extremely large .steam and condense 
pipes and fittings would b(j required, and 
the in.stallation would have no reserve 
capacity. Having calculated the load as 
described above, choo.se a storage calori- 
fier of capacity equal to it. The heating 
coil should then be capable of heating this 
water through 100° F. in half an hour, 
('alorifiers are dealt with earlier in this 
work under their own heading. 

Ti^e final equipment usually found in 
laundries is a water softening plant, if 
the w^ater is at all hard. The article 
dealing with water softening should be 
con.sulted for information about types and 
outputs. The capacity should be ample, 
and the figures above, if doubled, will give 
the approximate total quantity of water 
used per day. This should all be softened 
water. 
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LAVATORY BASINS: FITTING UP & FIXING 

By W. J. Woolgar, M.R.San.l. 

Since notes on lavatory basins are given in such articles as Bath; Flat; Hospital; 
and Hotel (see Plates 2, 3, 7, 8 and 12). the present contribution deais mainly with 
important detaiis of fitting up and fixing. For plumbing notes see. in addition 
to the articles already mentioned, the one on One-Pipe System. 


Lavatory basins are made in various 
t5T)es and sizes suitable for the position 
they are to occupy and the use to which 
they are to be put : for either domestic, 
office, institutional, hospital or factory use. 
Their construction also depends upon these 
circumstances, and lavatory basins are 
made of glazed earthen- 
ware, enamelled fire- 
clay, vitreous china, or 
enamelled cast-iron. 

For domestic use the 
glazed earthenware 
basin is popular ; and 
where extra strength 
and durability are re- 
quired the enamelled 
fireclay basin is suitable. 

Vitreous china is com- 
pletely non-absorbent, 
and though coated with 
a glaze, the latter is not 
relied on to make the 
ware impervious. Thus 
it is an ideal material for 
basins, on account of its 
non-fouling qualities and 
the absence of cracking 
and crazing. For rough 
usage, such as in fac- 
tories, enamelled cast- 
iron is often used. 

Ranges. For office, 
school, institutional or 
factory use, ranges of 
lavatory basins are often 
fitted. In these cases 
the basins may consist of two or more units, 
of the same shape as used for single basins, 
with overlapping joints so tha' the basins 
may be fitted and bedded together to 
prevent leakage between. Ranges of 
basins may also be obtained so* con- 
structed and supported as to form an 

island site.'* This arrangement is 
suitable for schools and institutions and 
factories, where a number of persons 
require to wash at the same time. 

The shape of the modem lavatory basin 
has been to a certain extent standardized, 


inasmuch as the front is flat while the 
back is circular or oval in shape. A 
basin that has a straight edge is suitable 
and convenient to the user, as it affords 
accessibility for its purpose. 

The Overflow. Probably the most 
important point to consider in the selection 
of a lavatory basin 
apart from its general 
utility is the overflow. 
This should be accessible 
from the point of view of 
cleansing. Greasy, soapy 
matter off the top of the 
water is liable to escape 
down the overflow and, 
if the overflow cannot be 
easily cleansed, will cling 
to the sides and accumu- 
late. This accumula- 
tion, besides being liable 
in time to block the 
pipe, will emit an un- 
pleasant odour. For this 
reason the overflow 
should be open to view, 
accessible for cleansing 
and, what is equally 
important, should be 
large enough to receive 
and carry away the dis- 
charges from both hot 
and cold water taps 
when running together 
at their maximum dis- 
charge. These points 
suggest that an open 
overflow as depicted in some of the illus- 
trations is more suitable than the type 
which terminates at the basin* in a series 
of small holes. The overflow of the 
modem basin is (^st integral with the 
basin itself, and the overfowing water 
discharges into the waste above the trap. 

Back or side skirtings to lavatory basins 
prevent splashing on to the wall or 
surround. It is usual to fix a splash- 
back, especially with domestic basins. 

Valves. Except in the case of hospital 
basins the hot and cold valves should be 



LAVATORY BASIN Fig * Authentic ’ 
pedestal lavatory basin in glazed whiteware, 
including integral shelf ; skirtings, slot over- 
flow, I in. pillar valves; chromium -plated 
fittings 

Deni d; Uellycr, Ltd. 
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LAVATORY BASIN. Figs. 2 and 3. Basina carried 
on towel-rail brackets fixed to wall : (above) ** lala," 
porcelain enamelled c.-i. (Carron Co.) ; (top right) 
" Roxul ” vitreous china, standing waste (.Shanks & 
Co., fJd.), Fig. 4 (bottom right), " Standard, Kent," 
vitreous china basin fixed to wall by concealed wal' 
hangers (Ideal Hoilers and Radiators Ltd.) 

separate, and the nozzle of the valves 
should be in such a position that they are 
not submerged when the basin is filled to 
overflowing. (See Taps.) 

The fixing for lavatory basins depends 
upon the type in question ; the pedestal 
basin relies upon the pedestal, which in 
most cases is fixed to the floor. Basins 
fixed against the wall may be supported 
on cast-iron ‘..antilever brackets built intb 
the wall, or on cast-iron brackets, plain 
painted or enamelled, screwed to fixings 
or plugs built into the wall. A combination 
stand and bracket is sometimes used, as 
are also wooden surrounds constructed 
to form a cupboard under and at the same 
time provide a support for the basin. 





types of bracket may be provided that 
act as a stand from the floor ; or the 
support aiay take the form of a wooden 
cupboard, which will in addition act as a 
space for utensils and conceal the plumb- 
ing work. 

For fixing cast-iron towel rail brackets 
a batten or block should be built into the 


Fixing. The height at which a lavatory wall exactly behind the position of the 
basin should be fixed is governed by back plate, so that the bracket may be 
circumstances such as its position and the screwed to this fixing. In building-in 
type of person to use the basin. It will 'he wooden batten or block, care should 
eenerallv be found, how- be taken to cut a dove- 

ever, that a height of tailed hole and block so 

2 ft. 7 in. to 2 ft. 10 in. ^ : that when the block is 

from the floor to the : ^ ^ bedded in with cement, 

top of the front edge ol ^ strength is’ afforded 

the basin is suitable against pulling out. 

for the average person. ^ ^ ^ Wliere fixed against a 

Various methods are tiled wall the above 


used to support basins 
Figs. 6-8). It may be 
secured to^thc wall by 
means of screws passed 
through the back skirt 
ing, or be -carried on 
cast-iron towel rail 
brackets screwed to fix- 
ings in the wall. For 
ranges of basins, cast- 
iron cantilever brackets 
are used, cut and pinned 
to the wall. Other 



Fig. 5. " Aptus " pedestal eftrner lavatory 

basin in white earthenware, with chromium- 
plated fittings (Shanks & Co., Ltd.). 


procedure may be adopt- 
ed, wooden grounds being 
built-in behind the tiled 
face ; in such case, holes 
will be drilled through 
the tiles for the screws. 
Another method is to 
drill the tiles and brick 
in the exact position of 
the screw-holes in the 
bracket and insert wall 
plugs into which the 
screws may be driven. 
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LAVATORY BASIN. Fig. 6. Supports : Cast-iron 
cantilever bracket fixed to wooden ground. 


It sometimes happelis that a basin has 
to be fixed against a lath-and-plastcr 
partition. It is not always possible in 
these cases to screw the brackets to the 
studs, owing to their unsuitable position, 
so a batten or board of suitable length 
should be let into the plaster work and 
fixed to the studs, so that the bracket 
may be screwed to the board when the 
wail has been made good. 

Brackets should be levelled up when 
being fixed, and the basin tried on. It 
sometimes happens that the casting is not 
true, in which case the bracket will have 
to be adjusted to suit. A slot is provided 
in the basin to fit on to a protruding nib 
on the bracket. 


Ti'fes or other finish 
Piaster 


Porceiain • finish L . l^sin 
brackets 




Do^etaiiei^ b/acAs 
bi/iit into yyaii 


Fig. 6. Supports for basin : single dovetailed hard- 
wood block built into wall to take screws of cantilever 
bracket ; itronger method than that shown in Fig. 7. 


Fitting Up, The metal waste fitting 
is bedded into the waste hole in the basin, 
using a suitable material such as red and 
white lead and chopped hemp ; a lead 
washer is inserted between the basin and 
back-nut. Rubber rings are sometimes 
supplied for this purpose, to obviate the 
use of red and white lead. If the jointing 
material is used it must be kept away 
from the thread. Care should be taken in 
tightening up the back-nut, so as not to 
put too much pressure on the basin. 

Tlie taps may be bedded into the tap- 
holes with red and white lead or with 
plaster of paris in this case ; also a lead 
washer is interposed between the basin 
and the back-nut. A disadvantage of 
using plaster of paris is that difficulty may 
arise in removing the tap, should it be 



Fig. 7. Supports tor basin : separate dovetailed 
blocks built into wall to take screws at top and bottom 
of bracket wall-piece. A more secure method is 
shown in Fig. 8. 


necessary to do this on a later occasion. 
Rubber tap sets are now supplied to 
obviate the use of these jointing materials, 
and to facilitate the easy fixing and 
removal of taps. The set consists of a 
rubber block to fit over the base of the 
tap as it fits into the hole in* the basin, 
and a rubber washer to insert between 
the basin and the hack-nut. 

Very often it is found that the tap 
washer has deteriorated, owing to the 
methods used in the manufacture and 
plating of the tap, and that the body of 
the tap is difficult to remove. It is 
advisable to see that a suitable washer is 
provided to the tap before it is fixed 
into the basin. This will also allow 
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the body of the tap to be in a manipulative 
state. Very often a basin is broken in 
attempting to re-washer a tap in position, 
owing to the body of the tap not being 
easy to remove. In this case it is advis- 
able to remove the tap from the basin 
before attempting to unscrew the top. 

Metal waste plugs are likely to chip or 
damage the basin. A plug of rubber or 
other suitable material should be used in- 
stead. The plug is secifed by means of a 


chain attached to a chain stay, which 
is fixed through and bolted to the basin in 
a suitable position above the overflow level. 
The chain stay should be bedded through 
its hole in lhc‘ same manner as described 
for the valves and waste. 

Lift-up or “pop-up'’ wastes may be fitted. 
This type consists of a fixed metal plug 
which fits into a seating in the brass waste; 
it is raised or lowered by operating a lift-up 
handle fitted through the top of the basin. 


LEAD: PROPERTIES AND APPLICATIONS IN 
PLUMBING WORK 

By W. F. Chubb, Ph.D., B.Sc., F.R.I.C., F.I.M. 

The properties and most important characteristics of metallic lead. Tabular 
information is given and notes arc included on Lead Pipes (fuller details will be 
found under the heading Pipe and Pipe Fittings : I, Lead). See a/so Cast Lead- 
work ; Cast Sheet Lead ; Extruded Sections ; Lead-Burnirtg ; Leadwork, 
Creeping ; Leadwork. Ornamental ; Pipe Bending ; Pipework ; Roofwork in Lead. 


Historically, lead is one of the oldest 
known to man ; probably the earliejft 
specimen is a figure from 3000 B.C. 
found in the Temple of Osiris at Abydos, 
now pre.served in the British Museum. 
In 2000 B.('. it was used by the Chinese 
for coinage, but undoubtedly the most 
interesting application of lead in ancient 
times was its use by the Romans for water 
pipes, these being made by them in 15 
standard sizes and regular 10-ft. lengths. 
Examples are to be seen at the Roman 
baths at Bath, these pipes having been 
formed from cast lead sheets with fusea 
Seams. Also in the British Museum. 

Until relatively recently Great Britain 
derived all its lead from D'-rbyshiie, biL 
with the developin.-nt of other sources 
supplies now come from the United States, 
Australia, Canada, Mexico, Silesia. Burma, 


Minerals and Extraction. More 
than ()0 minerals containing lead arc 
known, the lead of commerce btnng ob- 
tained mainly from one source;, the 
inirK'ral galena, tJie sul|)hide of lead, PbS. 
With the development of llotation concen- 
tration processes, however, l(‘ss pure ores 
may now be profitably worked, and this 
advance has rendered production much 
simpler. 

The extraction process consists in 
roasting the l(\id concentrate containing 
about ()0 per cent, of lead, and then reduc- 
ig the formed oxide to impure lead bul- 
lon in the blast furnace, the reducing 
agent being coke. The metal is then 
relined to extract any silver present, the 
product being a lead of not less than ()c).()() 
per cent. ])urity. Table i gives typical 
analyses for the various grades. 


Spain, North Africa, 
Peru, and Argentina, 
in that order of im- 
portance. According 
to statistics for 1944 
the U.S.A. prodiiciid 
close on 50 per c('nt. 
of estimated world 
tonnage, the output 
being approximately 
i,ioo,oooshort tons. In 
1948 it was stated that 
the world’s known 
resources were limited 
to about 18 years. 


TAnr.i. I -Analyses of Commercial Lead 



Corroding 

h'ad 

Chemical 

lead 

Cnmiiioii 

Soft Un- 

Impurity 

Ditsilvered 

Ir'ad 

dcsilvered 

lead 

Silv- ■ max. 

0-0015 

(>•020 

0-002 

0-002 

,, mill, "o . . 

— 

0-002 

— 

— 

Coppiu-, iiiax. % 

0-0015 

0-080 

0-0025 

0-04 

,, mill. "0 

— 

0*040 

— 

— 

Silver & copper tiiffctlicr, in.ix. % 

0-0025 

— 

— 

— 

Arsenic, max. % 

0-00T5 

— 

— 

— 

Antimony & tin to^-cllicr, max. % 
Arsen io, antimony & tin together. 

0-0095 




max. % .. •. 

— I 

0*002 

0-015 

0*015 

Zinc, max. % 

0-0015 

0*001 

0-002 

0*002 

Iron, max. % .. . . 

0-002 

0-002 

0-002 

0*002 

Hismulli, max. % 

0-05 

0*005 

0-X5 

0*005 

Ijcixd (bv diScreiicc), min. % . . 

99-94 

99-90 

99-«5 

99-93 
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Secondary Lead. The production of 
lead from scrap is now an important 
industry, the principal source being old 
storage accumulators, lead sheathings, 
sheets, pipes, and other lead products. 
This reclamation accounts for almost 50 
per cent, of the total lead tonnage 
produced. In consumption (1944 produc- 
tion statistics) about 40 per cent, is used for 
accumulators and cable sheathing, 13 per 
cent, as red and white lead and litharge, 
6*4 per cent, in building, 3 8 per cent, for 
for solders and the remainder for auto- 
mobiles, bearing and type metals, caulking, 
ammunition and miscellaneous. 

A. PROPERTIES OF THE METAL 

Lead is bluish-grey in colour, and when 
freshly cut or melted has a bright metallic 
lustre which, however, tarnishes rapidly 
due to oxidation. Jhis oxidized film 
forms a protective layer on the surface. 
The density of the metal is high, being 
gms./c.cm. or 0*4097 Ib./c.in. It 
is easily worked and ready cut, these facts 
forming the basis of its wide and varied 
use. The tensile strength is low, an average 
of ten rolled sheets giving 2,594 Ib./sq.in. 
or i*i6 tons per sq.in., and the elongation 
at fracture is about 46 per cent, in a 2 in. 
gauge length. When pure, lead is highly 
resistant to corrosive attack, and fbrthis 
reason is much used in the construction 
of chemical plant. 

For purposes of design, the Basis of 
calculation is the creep strength and not 
the tensile strength, the reason being that 
lead deforms very readily under stress 
without fracture. In practice, the maxi- 
mum allowable stress is about 350 Ib./sq. 
in. at normal temperatures, but this 
depends on factors over which the plumb- 
ing and building operator has no control. 

As to thermal properties. Table II 
correlates the most important considera- 
tions for the plumbing and building trades 
in the case of common de-silvered lead. 

Another important propert3 
of lead is that when distorted 
or worked by cutting or 
machining the metal hardens 
but immediately begins to 
soften again. This results from 
the fact that the recrystal- 
lization temperature is below 
o® C., so that self-annealing 
occurs if the metal is allowed to 
stand at normal temperatures. 


Casting Shrinkage. The amount of 
casting shrinkage to be allowed for in 
practice depends to some extent on the 
manner in which the casting of the metal 
is carried out. Thus, if a portion of the 
casting solidifies first, part of the shrink- 
age will be made up again by the molten 
metal still being supplied. The shrinkage 
allowance will then be less than if the whole 
mass solidified together. For this reason, 
the shrinkage allowance is a minimum of 
i in. per 10 ft. in the case of sheets cast in 
sand, but in the case of more solid castings 
this allowance must be increased to ap- 
proximately in. per ft. The most 
appropriate allowance must accordingly 
be determined only in practice. 

Available Forms. Lead is sold from 
the refineries in the form of pigs or bars, 
these weighing usually from 80 to 120 lb. 
They are then used as raw material by lead 
manufacturers for producing lead pipe, 
lead slieet, and other commercial forms. 
Lead pipe is available in extruded form at 
^hy desired wall thickness in diameters up 
to 12 in., and for larger pipes the metal is 
formed over a mandrel. Lead sheet is 
produced in a wide range of thicknesses 
and widths, the thickness of sheet in most 
general use ranging from in. (i lb. 
per sq. ft.) to J in. (30 lb. per sq. ft.). 

A standard roll of sheet is 8 ft. wide and 
20 ft. long, but is usually ordered to 
definite sizes in order to save cutting on 
site. In America, widths are available up 
to 12 ft. and lengths are limited to about 
75 ft., depending upon the thickness. F*or 
caulking or similar purposes, lead is 
supplied in cake of varying weight. 

B. SHEET LEAD 

Rolled or Milled Sheet. The greater 
part of the lead sheet in use today is 
produced by rolling or milling, and is thus 
called milled lead sheet. The process in- 
volves the melting of pig lead and casting 
into slabs about 5 in. thick. These slabs 


Table II. — Thermal Properties 


Melting Point . . . . 

327 - 4 °C. 

B()iling Point 

Coefficient of Linear Expansion, 1 7®-i oo®C. 

o*oooo293®C. 

Mean Specific Heat, liquid state 

Heat to raise metal from I5°C. to its 

0-034 

Melting Point, B.Th.U’s per lb. 

Increase in Volume from 2o^C. to Liquid 

i8-o 

at Melting Point 

6-1 percent. 

Thermal Conductivity, at o°C 

0-083 

at ioo°C. 

0-081 

at Melting Point j 

0-038 
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LEAD. Fig. 1. Cast sheet lead in process of manufac- 
ture, the molten lead being run down a bed of prepared 
•and on the casting bench to the thickness allowed by 
the " strike.” (See also p. 217). 

¥ hot o : Lead Induitries Development Couneil 

are passed through the rolling mill and 
reduced to approximately i in. thick. Cut 
into suitable sizes each piece is rolled down 
lo the final size required. Lead sheet is • 
sold and known by its weight per sq. ft., 
thus : 3 lb. lead, 4 lb. lead, etc. ; roughly 
every i lb. of weight corresponds to of 
an inch of thickness. 


The weights of milled sheets as used in 
building are given in Table III. Heavier 
Table III — Milled Sheet Lead for Building Work 


Weight in 
lb. per 
sq. ft. 

Thickness 
in inches 

Nearest 

Imperial 

Standard 

Wire 

Gauge 

Thickness 
in mm. 

2i 

0-042 

19 

1-07 

3 

0-051 

18 

1*3 

3 i 

0-059 

17 

1*5 

4 

o-o68 

16 

1*73 

4 i 

0-076 

15 

1-93 

5 

0-085 

14 

2-i6 

6 

o-ioi 

12 

2*57 

7 

0-118 

1 1 

3-00 

8 

01 35 

10 

3*43 

10 ; 

0-1 09 

7 

4-29 


sheets as used in the chemical and en- 
gineering industries are defined in Table 
IV, based on thickness. 

In rolling lead sheet the toler-*aces vary 
considerably, and sheets of 5 lb. or over 
may be rolled with considerable accuracy, 
but the usual rolling tolerance is about -f-or 
—5 per cent. Considerable wastage may 
occur in the final trimming to size, and 
about 3 in must be allowed for this 
operation. 


Sheet Lead in Building Work. 

Milled lead sheet is utilized in many ways 
in building construction, the principal 
uses being waterproofing of roofs. (See 
Roofwork in Lead, also Cast Sheet Lead.) 
Its unusual durability in exposed posi- 
tions under severe weathering conditions, 
together with the ease with which it may 
be worked and bossed to any desired 
shape, make lead an ideal material for all 
types of guttering, flashings’, hip and ridge 
coverings, dormer roof coverings, soakers 
and various weatherings. Of recent years, 
however, aluminium alloys have become a 
serious competitor to lead in many of 
these applications. (See Aluminium ; 
Flashings ; Gutters ; Roofwork.) 

Milled lead sheet is also frequently used 
for covering flat roofs, the lead being laid 
in sections of suitable size and made 
watertight at the joints by means of rolls 
and drips. Within the building, sheet 
lead is often used for making safes or 
trays beneath baths, slop-sinks, water 

Table IV. — Milled Sheet Lead Used In Chemical 
and Engineering Work 


Thickness 
in inches • 

Weight lb. 
per sq. ft. 

Thickness 
in mm. 

1/64 

0-93 

0-40 

1/32 

1-85 

0-79 

1/16 

371 

1-58 

3/32 

5 *. 5 b 

2-38 

1/8 

7-42 

3175 

3 /Jf> 

11-13 

4-76 

«/4 

14-83 

6-35 

5/16 

i 8-54 

7-93 

3/8 

2225 

9-52 

7/16 

25 -<J 5 

ii-ii 

1/2 

29-67 

12-7 

9/16 

33-38 

14-28 

5/8 

37-08 

15-875 

II/I6 

40-79 

17*47 

3/4 

44-50 

19-05 


closets and cisterns, and for lining .sinks 
and water storage tanks. Built-up lead- 
lined storage cisterns are being used to a 
greater extent than for many years. Since 
the weight of water is not taken by the 
lead lining extra heavy metal is not 
essential, and 6 lb. milled lead sheet is 
suitab^^ for all sizes of cistern. The joints 
may be either lead-burned or wiped. 

C. CAST LEAD 

Cast Sheet Lead. For decorative and 
certain chemical purposes cast sheet lead 
is preferred. (See Cast Sheet Lead ; 
Dormer.) It is held to be more resistant 
to conosion and creep than a similar 
grade of metal in the milled form, but this 
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has not been fully investigated as yet from 
a scientific aspect. Cast sheet is not now 
used to any great extent, but certain 
firms specialize in its production, and it is 
always made in small quantities by lead 
workers from waste materials. Old cast 
sheet lead from church roofs, damaged 
by mechanical agencies, is often stripped, 
melted down, and replaced. 

The size of the sheet is determined by 
that of the bed, commonly 12 ft. by from 
3 ft. to 5 ft. The thickness is determined 
by the setting of the “ strike ” with which 
the metal is spread, and may be from J in. 
bare up to any manageable thickness. A 
description of the process, with diagrams, 
is given under the heading Cast Sheet Lead. 

Ornamental Cast Lead. The metal 
lends itself readily to casting in shaped 
moulds, and for centuries cast lead has 


above 4 oz. peir sq. ft. It is also possible to 
obtain : 

1 to oz. in sizes up to 22 in. by 22 in. 

2 to 2^ oz. in sizes up to 72 in. by 22 in. 

3 oz. in sizes up to 90 in. by 22 in. 

3 j OZ. and upwards regularly supplied 
in 84 in. by 22 in. and, exceptionally, 
90 in. by 24 in. 

£. LEAD PIPE 

Originally, lead pipe was produced by 
bending the sheet over a mandrel and 
joining the seam by cither welding or sol- 
dering. This procedure is now only used in 
producing pipes over 12 in. in diameter, 
and in all other sizes the extrusion process 
is employed. {See Extruded Sections, pages 
374 to 376.) Such pipes are manufactured 
in a large number of sizes, external and 
internal diameters being varied according 
to the size and weight of pipe required for 


been u.sed for rainwater heads, shaped or 
moulded fittingsi^ . 

urns, .statuary and de- ^ ^ 

corative architectural ^ 

work. ( 5 ^^ Cast Lead- I : ' 

work; Leadwork, , 

Ornamental.) Most '' 

ornamental leadwork 

for architectural pur- - 

poses is cast flat on k 

a bed of sand on a ' ' ^ 

casting bench, the - ’ 

nature of the metal 

permitting the cast- ^ 

ing to be bent or 
worked to a shaped 
form at a later stage. S ' -i- V ’ 

A mould of the r > 

surface decoration re- 

quired on the lead is | 


a variety of purposes. Pipe is therefore 



formed in the sand 
bed and the shape 
of the flat sheet rc- 


LEAO. Fig. 2. Lead pipe of small diameter, produced oy extrusion in a hydraulic 
press ; on emerging from press it passes through a water cooler and is wound 
on drums to form coils ; large diameter pipes are kept straight lengths. 
Vhoto, Lead Induetrien Development Council 


quired is set out geometrically by the specified by internal diameter and weight 
craftsmen. (See diagrams in page 215.) per lineal yard. {See further under Pipes, 
There is no other metal which can be Lead.) The method of manufacture is 


handled in the cast form quite in this way. 

O. LAMINATED L^D 


such that any exact diameter or weight of 
pipe may be produced to order. 


Laminated lead is thin sheet or foil, used 
largely for protective and for waterproofing 
purposes, most commonly in 4 oz. and 5 oz. 
substance. It is marketed in rolls or in 
sheets. The usual weights in which it is 
produced are : 2, 4, 5, 8, 10, 12, and 

14 oz. per sq. ft. The sizes of laminated 
lead sheets are : 22 in, by 18 in., for all 
weights, and up to 6 ft. by 2 ft. for weights. 


Soil and Waste Pipes. Lead is gener- 
ally favoured for internal domestic soil 
and waste pipes owing to its many ad- 
vantages, not the least of which is its ease 
of bending. There are nevertheless 
several considerations which affect the 
efficient life of such pipes, these being : 

(a) the corrosive character of the sur- 
rounding soils ; 
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(b) the corrosive action of the convej^cd 
water ; 

(c) stresses imposed by the water pres- 
sure, which may have an accumulative 
effect over long periods ; 

(d) additional stresses imposed by the 
manner and conditions of laying the pipe. 

Many of the factors affecting the cor- 
rosion of lead by soils are not yet fully 
understood, but it is nevcrth(iless clear 
that both alkaline and acidic soils pro- 
mote corrosion of the metal, and even 
more rapid corrosion is likely if the soil 
contains soluble salts which increase its 
electrical conductivity. Such experiences 
are not, however, very common, but 
where conditions conducive to corrosion 
are suspected the pipe should be wrapped 
with felt impregnated with bitumen. 

Water Service. As to the action of 
domestic water, normal supplies do not 
aftect lead pipe's to any appreciable 
extent, but if difficulties of this kind aii^ 
encountered the most apinopriate remedy 
is a suitable pre-tieatment of the water at 
tlic waterwoiks prior to its entry into the 
lead service pipes. In other instances, a 
more convenient method may be the use 
of alloyed lead, such as Ternary 

Alloy No. 2 (see heloiv). 

Rectangular Pipe. This is manufac- 
tured in a numl)er of sizes from 2 in. by 2 in. 
to 6 in. by 4 in., the commonest being 3.^ 
in. by 3I in. ; 4 in. by 3 in. ; 5 in. by 4 in. ; 
6 in. by 4 in.— in 12 and 15 ft. lengths and 
weighing 8 lb. per s(|uare foot of l(*ad. 

^Rectangular pij)e may be iriaae irorn sheet 


lead by shaping over a suitable former ana 
burning the scam. 

Lead-Burning in Building Work. 

Lead-burning has for many years been 
used in seaming cast lead rainwater pipes, 
and decorative work for spt’cial purposes. 
Improvements in techniejue and ]X)rtable 
eciuipment now p('rmit the process to be 
used over a much wider held. As a result, 
the current tendency in leadworking is to 
reduce the amount of shaping by laborious 
bossing from the flat sheet, and tt) r(‘place 
this by cutting to pattern, bending up and 
burning the joints. Lead-burning is par- 
ticularly useful foi- ri'pair and maintenance 
work, since in situ burning permits S('Ctions 
of gutters, Hashings or roofings to be cut 
out and replaced with new material 
without taking down the whole of the 
leadwcirk. 

Lead-burning is especially suitable for 
soil and waste pipes, the joints being 
strong and less bulky than wiped joints 
(see Lead-Burning). 

f. ALLOYS OF LEAD 

Table V gives details of the most impor- 
tant lead alltjys used in the plumbing, 
sanitary cligincering, and allied trades. 

Silver-Copper. Alloying always in- 
creases the strength and hardness of lead, 
h'or exampk', in tlie silver-copf)er-Iead alloy 
mentioned in the Table the tensile strength 
and resistance to ciei^p are greater, it has 
an outstanding resistance to prolonged 
internal |)ressures, and will witlistand 
higher stre.sscs than does ordinary lead of 

niilar dimensions. These facts then 


Table V.- Alloys of Lead 


Trade Name or Use 

Lead 

Call' ill in 

Antimony 

Tin 

Silver 

('admiiim 

(.'ojipi'r 

'Fell II ri urn 


O'' 


/O 

,0 


% 

/r. 

/I) 

C'liemical Lead 

iiiiTi. 

— 

— 

-- 

■— 



— 

Common Desil\ i-red I^-ail 

min. 

— 







Sheathing Lead 

Hard Lead 
AntimoniahLead 

Grid Metal 

Silver Lead Solder 

Soft Solder * 

Solder, half & half 
Plumber’s solder 

Babbitt 

B.N.F. Ternary .Alloy 
No. 2 

S'llvcr/Coppcr Lead 

Kirst 

Rest 

Rest 

Rest 

oy.*) 

So 

<.)6 

75 ^5 

Re.st 

Rest 

0 02 O-I 

S 12 

0 

10-15 

—9 

20 

34 

5-10 

*'3 

15 

0’005 

max. 

0-25 

o'oo5 

max. 

1 1 1 1 1 1 1 1 1 II 

Telluriiirri Lead 

liest 


— 



— 


005-1 
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allow a measureable and profitable reduc- 
tion in weight to be effected, and this re- 
duction in the wall thickness is very 
economical as regards cost and weight per 
yard. 

Tellurium. Though introduced in 
1933, tellurium-lead has not yet become 
popular in the plumbing and sanitary en- 
gineering trades, despite all its known and 
proved advantages. When subjected to 
stress, this alloy is appreciably strength- 
ened, whereas other lead alloys would be 
weakened in certain respects. It also has 
much superior tensile strength and resis- 
tance to fatigue as compared with ordinary 
lead, so that a great saving in weight 
results from its use. 

Ternary. B.N.F. Ternary Alloy No. 2 
(Brit. Std. 1941) is a recent addition to 
the range of lead alloys of advantage 
in the plumbing an/i allied industries. 
(The term Ternary denotes its composition 
of three substances.) This alloy is to be 
recommended for sheet and pipe as it is 
much stronger and tougher than lead. 
This improved strength again allows 
lighter sections to be employed, and the 
British Waterworks Associatioa officially 
permits a reduction of 30 per cent, from 
the weight of ordinary lead pipes in cases 


where this alloy is used for work above 
ground level. 

Regulus. Antimonial lead, or Regulus 
Lead, usually contains up to about 8 per 
cent, of antimony as a hardening agent, 
but other varieties of antimonial lead may 
contain as much as 12 per cent, of anti- 
mony. These alloys have been much used 
in America for roofing purposes, the reason 
being that antimony additions provide an 
outstanding benefit in rendering lead resis- 
tant to atmospheric corrosion. Antimonial 
lead is also the standard alloy for battery 
plates and terminals. 

British Standards. The following 
British Standards have been drawn up in 
connexion with lead, lead alloys and 
allied products. 

Lead pipes (not for chemical purposes) 602/1939 


I.ead pipes (B.N.F. Ternary Alloy 

No. 2) 603/1941 

Lead pipes (Silver/copper lead) . . 1085/1946 
Milled lead sheet and strip for build- 
ing purposes 1178/1944 

Lead traps (drawn) 504/1944 

Lead for chemical purposes, Types A 

and B 334/^934 

Regulus metal 335/1928 

Solder, soft 219/1932 

Solder, cored, resin filled 441/1932 


Note. — Certain standard methods of analysis 
are included in B.S. No. 334/1934.) 


LEAD-BURNING OR WELDING: PRINCIPLES, 
METHODS AND EQUIPMENT 

By W. "L. Kilburn. ItP., M.lnst.W. 

Here one of the most important adaptations of welding to sanitary work is des- 
cribed in detail and in a most practical manner. It is arranged in five main sections : 
A, systems of lead-burning ; B, most common system, the oxy-acetylene blow- 
pipe ; C, methods of making joints ; D, external work ; E, internal work. Two 
folding plates facing pages 656 and 664 illustrate methods in lead-burning. See 
o/so Joints : (I) Lead, Wiped ; Lead ; Pipe : (I) Lead ; and Welding. 


Lead-burning may be defined as a pro- 
cess for joining lead by welding without 
the use of other metals. 

The edges of the materials to be joined 
are melted together by means of a small 
concentrated gas welding flame. Extra 
lead of the same composition that of the 
parent metal is added when necessary, as 
when lead-burning a flat seam. 

Developments in lead-burning technique, 
the introduction of lead alloys and particu- 
larly improved high pressure equipment, 
have widened the scope for lead-burning 
in modem building construction. 

Lead-burning is used extensively jn the 
construction of exterior plumbing work 


such as chimney breasts, gutter backs, 
box gutters, lead slates, cesspools, down 
spouts, lead heads, etc., and for interior 
work in connexion with sanitary installa- 
tions, waste, soil, and anti-siphon pipes, 
etc. Brasswork such as thimbles, ferrules, 
inspection eyes and boxes, are iead-bumed 
on many such installations. 

Temperature. The temperatures 
required for leaid-burning must be greater 
than the melting point of lead (621® F.). 
While this flame temperature is greater 
than that required for soldering, the actual 
amount of heat used is not great, for the 
quantity of lead melted at any one time 
is so small, and the process so quick, that 
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little heat is lost by conduction. The 
temperature is not so great as to cause 
charring of woodwork. In a properly 
prepared joint there is no opportunity for 
this to occur. 

Flame temperature of the most used 
gases for lead-burning is as follows : 



With Air 

With Oxygen 

Acetylene 

2.550° C. 

3.500° C. 

Hydrogen . . 

1.700° C. 

2.300° C. 

Coal gas 

i,0oo° C. 

2,000^* C. 


There are several processes available for 
lead-burning, each of which is named 
from the mixture of gases used in it, and 
are as follows : 

Oxy-Acctylene Oxygen and Acetylciu*. 

Oxy-Hydrogen Oxygen and Hydrogen. 

Oxy-Coal Gas Oxygen and Coal Gas. 

Aero-Hydrogen Air and (Hydrogen 

Generated). 

Air-Acetylene Air and Acetylene. 

Air-Hydrogen Air and Hydrogen. 

Electrical System Carbon Arc. 


A. THE SEVEN SYSTEMS 
The Oxy-Acetylene System. With 
this system, both oxygen and acetylene 
are obtained compressed in steel cylinders, 
the oxj^gen being subjected to a pressure 
of approximately i,8oo lb. per sq. in., 
and the acetylene at a pressure of 225 lb. 


per sq. in. 

The outfit consists of two cylinders 



LEAD-BURNING. Fig. 1. 
Oxy-acetylene outfit : (1) 
blowpipe (5 interchange- 
able nozzles) ; (2) oxygen 


containing the 
compressed gases, 
each with suitable 
pressure regula- 
tors. The gases are 
led by flexible 
rubber tubing to 
tlie blowpipe in 
which they are 
mixed. 

The amount of 
gas required for 
any particular 
work or thickness 
of len*^ to be burn- 
•ed is v.on trolled 
by 'calibration ad- 
j ustment valves on 
the regulators. 
There are a nuin- 


pfessure regulator with 
cylinder contents gauge ; 
(3) acetylene pressure 
regulator with cylinder 
contents gauge ; (4) 

3/16 in. bore rubber 
tubing and connexions. 


ber of graded noz- 
zles which give the 
operator a wide 
choice of flame 


size, according to the work in hand. 
Cylinders are obtainable in various sizes, 
the smallest outfit being a portable model 
weighing less than 30 lb. 

Tlie oxy-acetylene or D.A. system of 
lead-burning is the latest and best method 
to be adopted by the domestic plumber. 

The temperature of the oxy-acetylene 
flame is far higher than any other com- 
bination of gases, and with the highly 
concentrated flame obtainable at the 
blowpipe nozzle, very intricate work 
presents no difficulty. The high tempera- 
ture is an advantage, particularly where 
a spreading outer envelope of flame at the 
blowpipe nozzle is not desired. There- 
fore, distortion of the lead does not occur 
to the same extent as is the case with 
other lead-burning systems. 

The Oxy-Hydrogen System. This 
system involves 
the use of com- 
pressed oxygen 
and hydrogen 
in steel cylin- 
ders. The gas is 
compressed in 
the cylinders 
to 120 atmos- 
pheres, approx- 
imately t,8oo 
lb. per sq. in. 

The outfit 
consists of two 
cylinders con- 
taining the coni- 
rcssed gases — 

: ydrogen and 

oxygen — pres- Fig. 2. Oxy- hydrogen outfit : 

mirp rt'P’llla.tors ^ blowpipe (3 nozzles) ; (2) 
bUtl, icguifiLujis, oxygen pressure regulator 

rubber tubiner, with cylinder contents gauge ; 

j , I . " (3) hydrogen pressure regula- 

and blowpipe tor with cylinder contents 

wit h the reniliv;- ^auge ; (4) l-in. bore rubber 
WUIl uie reqULS tubing and connexions ; 

itc number of (5) stands for cylinders, 
nozzles. 

The regulators control cylinder pre.ssure, 
according to the thickness of lead being 
burned. Shoulder taps may be inserted 
in tbe rubber tubing between regulators 
and blowpipe, and may be used for 
adjusting the flame at the blowpipe nozzle. 

Calibration pressures for lead-burning 
are approximately 5 lb. per sq. in. 

The Oxy-Coal Gas System. Coal gas 
•is obtained either in compressed steel 
cylinders at 120 atmospheres, or 1,800 lb. 
per sq. in., or by town gas mains at a pres- 
sure usually equal to 6-in. water column. 
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The complete plant is illustrated by 
Fig. 3. This shows coal gas being supplied 
from the town's main, and includes the 
following equipment : Cylinder of com- 
pressed oxygen, pressure regulator, 
shoulder taps, injector blowpipe, back 
pressure valve connected to gas main. 
Where this method is used, it is necessary 
to use the injector type of blowpipe. The 
reason for this is that tlie pressure in 
the gas main is not sufficient to give large 
volumes through the small orifices in tlie 
blowpipe without assistance from the 
oxygen. This blowpipe is constructed to 
enable the oxygen, which is under pressure, 
to suck larger volumes of coal gas through 
it than would be the casi were no injector 
fitted. 

Aero-Hydrogen System. In this 
system hydrogen under low pressure is 
used. The gas is usually generated in a 
special mad line. The air compressor 
used in conjunction with the generator is 
in the form of hand or water bellows. 
Rubber tubing is connected from the 
blowpipe to tlie breeches piece, which 
includes the taj)s regulating the flame 
at the blowqiipe nozzle. Frorn^this point 
a further rubber tube is connected to the 
gas supply at the generator, and another 
tube is connected to the air compressor. 

The low pressure system has been 
used mostly in chemical works, and is not 
adaptable in domestic plumbing It is 
becoming olxsolete. 

Air-Acetylene System. With this 
system, acetylene is obtained compressed 
in steel cylinders, and air is taken from 
the atmosphere. The blowpipe (sec page 
127) is fed by the acetylene gas under 
pressure, a quantity of atmospheric air 
being drawn into the mixing chamber 
providing a bunsen type of flame at the 
end of the nozzle. 


This flame is ideal for burning on the flat 
up to 81 b. lead per ft. super, but it is not 
recommended for other types of burning. 

Air-Hydrogen System. Similar in all 
respects to air-acetylene, gas supplied 



in steel cylinders under pressure. Air 
•sup])lied from atmosphere. Used for 
burning on the flat only up to 8 lb. lead 
per ft. super. 

Electric Arc System. This system 
utilizes electric current from the battery 
to form the heating medium. 

Two wires are connected to the battery, 
one to the positive, and the other to the 
negative terminal. At the opposite end 
of the wires is the holder, to which is 
fitted a carbon pencil as a resistance, and 
by passing a current with low voltage 
but high amperage, the carbon pencil, 
becomes red-hot. This pencil when reti- 
hot, is used for fusing the lead together. 

This system of lead-burning is confined 
to battery maintenance. 

B. OXY-ACETYLENE BLOWPIPE 

The oxy-acetylene lead-burning blow- 



Fig. 4. Air-acetylene outfit : acetylene 
cylinder fitted with spindle control 
valve i a/1 6-in. rubber tubing, and 
blowpipe. 


pipe has been designed so that its capacity 
can be varied according to the thickness 
of lead to be burned, the smallest nozzle 
producing a flame of the smallest known 
dimensions. The ' nozzle orifice 
through' which the two gases 
pass* is less than i/iooth of 
^ an inch in diameter. This 

^ enables lead of the thinnest 
sheet to be lead-burned. 

The whole range of lead-burning, from 
the thinnest to the thickest lead, can be 
covered wdth five sizes of nozzles, the 
hourly consumption ranging between five 
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TABLE I. SIZES OF NOZZLES FOR VARIOUS STRENGTHS OF LEAD 


Weight of Lccacl 

Flat 

Upriglit 

Overhead 

Under- 

hand 

Horizon- 

tal 

2 & 3 lb 

No. 2 

Nf» I 

No. I 

No I 

No. 1 

4 lb 

No. 3 

No. 2 

No. 2 

No. 2 

No. 2 

5 lb. 

No. 3 

No. 2 

No. 2 

No. 2 

N:>. 2 

6 lb. 

No. A 

No. 3 

No 2 

No. 2 

No. 2 

8 Ib. 

No. 4 

No. 3 

No. 3 

No. 2 

No. 3 

10 lb. 

No. 4 

No. 4 

No. 3 

No. 3 

No. 3 

20 Ib. 

No. 5 

No. 5 

— 

— 

No. 5 

25 lb. 

No. ‘5 

No. 3 

— 

— 

No. 3 

30 lb. 

No. 5 

No. 5 

— 

— 

No. 5 


TABLE II. APPROXIMATE CONSUMPTION OF GASES AND WORKING 
PRESSURES REQUIRED FOR VARIOUS NOZZLES 


Size of 
Nozzle 

Working Prcs.sure 
for both Gases 

Oxygen Consumption 
Pr. Hr. 

Actdylene Con- 
sinuption 

litres 

Cll. ft. 

lilri's 

CU. ft. 

No. I 

I J lb. sq. in. 

5 

•175 

5 

•175 

No. 2 

.'Jib. „ „ 

12 

•125 

12 

•425 

No. 3 

3 ll>. .. „ 

31 

1*1 

31 

I'l 

No. 4 

4 lb. .. 

62 

2*2 

f>2 

2*2 

No. 5 

5 Ib 

123 

4*4 • 

123 

4*4 


Note . — 1 cu. (t, = litri'S. 


litres and 25 litres 
of each gas. This 
blowpipe provides a 
stable flame of maxi- 
mum temperature 
combined with mini- 
mum velocity. This 
combination makes 
the operating rate so 
rapid that there is 
practically no loss of 
heat conductivity. 

Oxy - Acetylene 
Flame Adjustment. 
The proper setting 
of the flame is most 
important in lead- 
burning, and in- 
correct setting will 
spoil any joint. An 
excess of oxygen will 
reduce portions of 
the molten metal to 
an oxide. This will 
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LEAD-BURNING. Fir. 5. Oxy-acelyicne blowpipe 
flame. (1) Correct neutral flame, of medium length 
and pale. A represents distance of work from luminous 
cone for lead burning and for welding steel ; B for 
copper, brass or bronze ; and from B to C for cast- 
iron and aluminium. (2) Flame with excess of acety- 
lene : it is long and brilliant, without a distinct outline. 
(3) Flame with excess of oxygen ; it is short and pale : 
the inner cone is also stiort, with violet tinge. 

make the joint porous and brittle. An 
excess of acetylene is also detrimental 
to good wo«k, by carbonizing the joint. 

A carbonizing flame 
will also cause a 
larger sprctiding 
outer envelope of 
flame at the extrem- 
it}^ of the nozzle, 
thereby heating a 
larger area of lead 
around the joint and 
causing distortion of 


the lead. The correct flame to use is 
the neutral flame. Fig. 5 (i), (2) and (3) 
show the three different types of flame. 

1 showi^ the neutral ilanie wliich i.s the 
correct flaine to use. Tliis is arrivoil at by first 
turning on the acetylene ga.s at flie control valve 
on the blowpipe. This is followed by (urning 
on llic oxygon slowly, until a white luminous 
cone is formed at the nozzle i)oint. 

2 denotes an excivss of acetylene, which is 
distinguislied by a luminous outer cone. 

3 denotes an excess of oxyg(Ui, which is 
detected by the sharp blue inner cone. 

The size and width of lead-burned 
joints depend on the thickness and 
po.sition of the metal to be burned. The 
table sets out general dimensions for a 
horizontal flat seam applicable to ordinary 
domestic plumbing. 

C. METHODS OF MAKING JOINTS 

It is necessary, especially for the 
student, to have a good knowledge of the 
various types of joints, and the [>repara- 
tion and procedure in lead-biuning such 
joints. In domestic plumbing there are 
two types of flat seam joints, mostly used 


TABLE III. DIMENSIONS FOR HORIZONTAL FLAT SEAMS 


Wei gilt of lead 
sheet per sq. ft. 

Width to be 
shaved on each 
edge 

No. ol burnings 
recom Til ended 

Widlli of finished 
joint 

4 & 3 lb. 

i in. 

2 

i in. 

6 & 8 Ib. 

* i in. 

3 

i in. 

10 & 12 lb. 

J in.. 

4 

1 in. 


Note . — Make allowance for laj) when burning lapped seams. 
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on sheet lead, these being ** butt joints " 
and “ lapped joints.” 

Butt Joints. The two edges of the 
lead are fitted butt (see Fig. 6 on Plate 
facing this page). The edges of sheet lead 
on either side of the joint are cleaned by 
shaving to a width of J in. overall for 4 
and 5 lb. lead. Allow f in. overall for 
6 and 7 lb. lead. 

No flux should be used in lead-burning. 

The first operation with the flame, 
which should be held in the direction as 
shown in Fig. 7 (see Plate 16 facing this 
page) is to fuse the two edges together, 
ensuring penetration of the metal, at the 
same time adding a deposit from the lead 
filler rod, which is held in the left hand. 

The procedure is to me;t a deposit from 
the filler rod into the centre of the butt 
joint, after which, the blowpipe is moved 
slightly first to the right, then to the left 
in the line of weld; The blowpipe is 
lifted, and a slight pause is made before 
adding a further deposit from the filler rod, 
and the operation is repeated until the 
joint is completed. 

The herring-bone effect is obtained by 
procedure control of the blowpipe as 
indicated by Fig. 8 (see Plate 16). 
The joint is then gone over a second time 
to give added strength. 

Lapped Joints. The procedure for 
making a lapped joint is similar to the 
butt joint. The second burning should 
be as shown in Fig. 9 on Plate 16. This 
ensures extra reinforcement at the junc- 
tion of the two sheets of lead. 

Upright Joints. There are two methods 
of making upright joints : 

1. By using the overlap of the lead as 

filler rod (Fig. 10 in the Plate facing 
this page). 

2. By using a semi-circular iron mould, and 

building up the joint with lead filler 
rod. 

The domestic plumber is seldom called 
upon to adopt the second method, as 
this is mostly used on lead over | in. 
thick, and is applicable more to chemical 
work. 

Dealing with the former method, the 
lead is lapped approximately 2 \ in., the 
underlap is shaved i in. past the edge of 
the overlap. The overlap is shaved \ in. 
on either side and on the edge. The over- 
lap is then dressed against the underlap, as' 
illustrated by Fig. ii on Plate 16 facing 
this page. A very fine flame should be 


used, according to thickness of lead to be 
burned. (See Table of Nozzle Sizes, 
page 655.) No filler rod is used, the 
overlap being utilized for this purpose. 

Burning commences at the bottom 
of the seam holding the blowpipe in 
position, as shown by A, Fig. ii. By 
slightly moving the blowpipe, first melt 
the overlap, and almost simultaneously 
melt the underlap, thus causing the two 
surfaces to unite by fusion. The first 
movement of the blowpipe should deposit 
the lead taken from the overlap on to 
the underlap. The second movement of 
the blowpipe should come across the 
molten metal from the underlap to the 
overlap, as shown at B, Fig. 12 (see 
Plate 16), and at this point the blowpipe 
is lifted away from the lead. 

By these motions, the lead is made to 
flow down off the overlap and form a 
bead, which is built up by repeated move- 
ments until the seam is completed. Care 
should be taken that the lead should not 
be cut in on either side of the bead as 
this would weaken the joint. 

Another Method of Upright Burn- 
ing. In this method the blowpipe is held 
as in Fig. ii ; the commencement of 
burning would be at the bottom of the 
seam. The overlap is melted simultane- 
ously with the underlap, and by moving 
the blowpipe with a circular movement, 
as shown by A, Fig. 12, on Plate 16, 
fusion of the two surfaces takes place. 
By this circular movement, the lead is 
made to flow down off the overlap and 
form a bead. These beads are form^<^' 
one upon another until the seam is com- 
pleted. 

The blowpipe is not lifted after each 
bead is formed as in the former method, 
but remains on the lead until approxi- 
mately I ft. of burning has been attained ; 
the blowpipe is lifted and the operation 
repeated until the seam is completed. 

Horizontal Joints. The preparation 
of this joint is similar to fhe upright 
joint. The lead is lapped approximately 
2\ in. The overlap and underlap are 
shaved similarly, the edge of the overlap 
is turned at a slight angle from the under 
sheet, outwards, as shown at A, Fig. 13 
(P- 657) • In this instance a lead filler 
rod is used to reinforce the joint. 

The blowpipe is held as shown by B, 
Fig. 13 ; instead of using a small hot flame 
a slightly larger and softer flame is used. 
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The flame is played across the 
overlap, the underlap is first 
slightly melted ; simultan- 
eously the filler rod is added, 
and the molten lead is caused 
to unite with the underlap 
and overlap, thus forming the 
joint. Care should be taken 
not to cut in the top edge of 
the underlap. 

Alternative Method. A 

clever and experienced lead- 
burner would get strength of 
weld by melting down the 
overlap considerably, and 
cause it to produce strong 
overlapping beads without 
the use of a filler rod. 



Fig. 14. Underhand burning : after 
thorough cleaning, the two edges are fused, 
the blowpipe movement being circular 
and continuous ; if top edge of joint is 
cut sharp the joint is gone over a second 
time, using a slight excess of acetylene at 
blowpipe nozzle and licking sharp edge 
with flame. 


continued in a simi- 
lar manner until the 
scam is completed. 

Tlie blowpipe 
should be held as 
shown in Fig. 14, 
the overlap being 
used as i.ller rod. 

With this joint 
we rely largely upon 
attraction, which 
causes the two sur- 
faces of lead to 
unite by fusion. 
The two surfaces 
must be brought tc 
fluid state simul- 


Underhand Burning. The 

lead is prepared and lapped 
similarly to upright ^ 

preparation. 

The overlap should be 
dressed close up to the under- 
' p, thereby reducing the 
force of attraction to a 
minimum. The blowpipe b 

flame should be small, con- 
centrated and hot. The Fig. 15. o 

movements of the blowpipe f™k«d!an‘'< 

should be circular and contin- of biowpip( 

uous. The blow-[)ipe should ° ® 
not be lifted after each single 
bead has been formed, but should remain 
on the seam until a minimum of i ft. 
of seam has been welded, after which the 
blowpipe may be lifted and the operation 








LEAD-BURNINQ. Fig. 
13. Horizontal joint on 
vertical sheet : edge of 
lower sheet is turned out 
as at A; the preparation 
is the same as for upright 
burning (see Figs. 10-12 
on Plate facing page 
656), and flame is held 
as at B. 





Fig. 15. Overhead joint : A, edges 
are shaved, overlap dressed flat and 
tacked, and edges fused ; B, position 
of blowpipe to weld only the portion 
to be fused; motion is continuous. 


taneously, otherwise the molten lead from 
the overlap will fiUl away. When a 
small, concentrated flame is used, lead as 
hin as 3 lb. per ft. super can be satis- 
actorily jointed. 

Overhead Joints. The lead in this 
joint is also lapped and prepared in a 
similar manner to the upright joint, the 
overlap being utilized as filler rod, as 
indicated by the upper diagram 
at A, Fig. 15. 

The overlap is dressed flat 
against the under sheet. The 
blowpipe is held as shown by B, 
Fig. 15. A small, hot flame with sting 
in ii should be used, otherwise trouble 
will be experienced by lead which 
will be found to melt away from the. 
overlap. 

Particularly does this occur if a soft 
flame is used. The procedure is to melt just 
• the portion required to allow for the two 
surfaces to be fused, at the same time 
applying just enough heat to the lead to 
ensure its rapid cooling by conduction. 
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The blowpipe should have a full 
circular movement, and the movement 
should be continuous until approximately 
I ft. of burning has been attained, after 
which the blowpipe may be lifted and the 
movement continued until completion 
of seam. 

Button Burning. This type of burn- 
ing is met with when it is necessary 
to join in situ two pieces of sheet lead 
which are on an incline, and also in burning 
brass thimbles and ferrules to lead pipe. 

With this type of burning on sheet 
lead, the joints can either be prepared 
“ lapped *' or “ butt." The preparation 
is exactly the same as that used for 
flat burning. 

A small blowpipe flame is 
used, and the burning com- 
mences at the bottom pf the 
seam. The weld is produced 
by fusing the two surfaces 
of the lead, at the same time 
adding a deposit of molten 
lead from the filler rod (sec 
Fig. i6 on Plate i6, f.p. 

657). In this manner a bead 
is formed which is allowed 
to cool by lifting the blow- 
pipe, after which another 
molten bath is made, adding 
more filler rod, and the 
movement is continued until 
the seam is completed. The 
blowpipe must be lifted 
after each bead or button 
is formed. 

The overall width of this 
joint should be approxi- 
mately f in. on 4 lb. lead. 

When this type of burning 
is done on soil or waste 
pipe the latter is so pre- 
pared that it can be slowly 
turned to allow for uniform burning. 

Pipe Joints in Sanitary Work. 
There are several ways of jointing 
lead pipes together. The domestic 
plumber is mostly concerned in joint- 
ing soil, anti-siphon and waste piping. 
Water supply pipes under pressure are 
seldom lead-burned. 

The simplest pipe joint to make is the 
upright bell joint. This joint, however, 
has limited applications for the r^iason 
that it can only be made on pipes which 
are fixed in a vertical position. 



LEAD-BURNING. Fig. 18. 
Button joint for burning brass 
to lead ; A, brass fittings burned 
to lead trap, and trap burned to 
waste pipe ; B, brass flush pipe 
union Jointed to lead flush pipe; 
C, section through Joint in B. 
(For Figs. 16 and 17 see Plate 
f.p. 657.) 


Upright Joint. This type of joint is 
prepared by belling out the end of the 
lower pipe to receive the abutting pipe. 
The end of the abutting pipe is feather- 
edged and inserted into the lower pipe 
(Fig. 17 on Plate i6). 

The first operation is to fuse the bottom 
parts of the joint, at the same time adding 
metal from the filler rod until the orifice 
between the two pipes is filled with weld 
metal. The blowpipe flame is lifted 
occasionally during the making of this 
joint. 

Button Joint. This joint is usually 
adopted when burning brass work to 
lead, such as brass tail- pieces to lead 
traps, thimbles and ferrules to soil, waste 
and air pipes. 

In the preparation of the joint the brass 
work is first tinned with a 
copper bit and fine solder. 
Resin should be used as a 
flux. Surplus solder should 
be wiped off the fitting. The 
end of the lead pipe is belled 
out to form a cup into which 
the fitting is inserted, care 
being taken to shave the 
inside of the lead pipe, the 
end of the pipe and outside 
the pipe i in. from the end 
(Fig 18) 

Burning commences at the 
top of the joint by fusing a 
deposit of lead from the 
filler rod on to the lead pipe 
and fitting, thereby forming^ 
a bead or button. The flame 
is lifted, allowing the bead 
to cool. The operation is 
repeated until the joint is 
completed. At the same 
time the pipe must be 
rotated. Care must be taken 
to see that the joint is made 
even and symmetrical. Preparation of the 
joint is shown at C, Fig. i8. 

The overall width of this jcflnt should 
be approximately i in. An alternative 
joint would be the .upright joint. 

Spigot and Sbeket Joint, Horizontal 
Joint. In the preparation one end of 
the pipe is opened by an expanding 
mandrel. This tool forms a socket which 
allows the end of the abutting pipe to be 
inserted to a depth of i in. The lead is 
shaved inside the socket, the edge of the 
pipe and the outside i in. from the end. 
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The end of the inserted pipe is also 
shaved. Having fitted the joint, burning 
commences at the underside or bottom 



LEAD-BURNING. Fig. 19. Horizontal 
spigot and socket Joint; pipe prepared for 
burning. 

of the joint. No filler rod is used. 

Tlic procedure is as described 
for overhead and upright 
burning. Along the bottom of 
the pipe would be overhead 
burning ; round the sides and 
top of the pipe, upright burning, 
the outer lead of the socket 
being burned to form beads 
around the pipe (Fig. 19). 

This joint is the most adaj)t- 
able for sanitary instal- 
lations, and has the 
neatest appearance. 

An alternative 
method would be as 
shown in Fig. 20. Here 
the socket is cut to an 
angle of approximately 
30 degrees from the 
horizontal. The only 
advantage is in the 
easier burning, less 
skill being required to 
make this joint. A 
shows preparation, B 
finished joint. 

Branch Joints. 

Here the lead is 
“ bossed out by the 
usual plumbing 
methods sufficiently 
to form a socket to 
receive the abutting pi])e, 
and the joint is made as 
described for spigot and 
socket joint, above. The \ 
branch jtiint is illustrated by 
iMg. 21 and 22, on Plate 
facing page^ 657. The up} ..r 
pipe is fitted into the socket 
of the lower pipe and the joint 
made by melting down the 
socket in the form of beads. 

A* shows preparation, and B 


D. LEAD -BURNING FOR ROOFING AND 
OTHER EXTERNAL WORK 

Making a Lead Slate. A completed 
lead slate as is used in roofing work to 
waterproof the section at which a pi|ie 
passes through the roof is shown in 

A 



B 


A 

» 


1 

B 1 


hg. 29 


B 


A 


B i 





1 


Figs. 20a and 20b. Alternative horizontal spigot and socket joint : 
it is made at an angle of about 30°, and is easier to burn than, that 
of Fig. 19. A, preparation ; B, finished joint. 

Fig. 23 on Plate i6/./>. 657. Tlu; 
burning on the back of (lu: 
upstand is seen in Fig. 24, and 
lug. 25 shows the underside. 
The method of procedure is by 
forming the ui)stand and base* 
from milled sheet lead. 

The upstand is burned first, 
a flange is then formed on this 
section by bossing. The width 
of the flange should be ap- 
j)roximat(*ly A in. wide. Tlie 
u[)stand is then placed on the 
base at the angle desired, 
and burned on the flat clt‘ar 
f the iqxstand to avoiil 
cutting in. 

The slate is then 
turned over and the 
hole is next burned 
out with the blowpi}X‘, 
using a flame with 
a “ sling ” in :i. An 
allowance of jj in. 
should be arranged 
when cutting the hole, 
to enable the lead to 
be turned up into the 
upstand or sleeve, as 
indicated by Fig. 26 
on the Plate. 

Making a Cesspit. 
Fig. 2/ (.see Plate 
16) facing page 657 
indicates how the 



Fig. 29 (top). Cesspit in lead : diagram 
shows lead marked out for cutting and 
turning. (For references see text.) An 
alternative rrttethod is shown by Figs. 

type of burning. Burning com- 30 ?bottom).^'^€cction ^cesspit , , . , , 

mences on the under sides. Fig. SSt'ietTn'd bu?nin|, Sit' 

22 shows the finished joint. upright burning on walls. 
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a small cistern or cesspit 
All the burning is done on 
the flat, the seam being oJ 
the butt type. Fig. 28 (on 
Plate 16) shows cesspit 
completed. An alternative 
method of making such a 
cesspit would be to set out 
the lead as indicated b> 
Fig. 29 (page 659), the 
burning in this case being 
executed in. away from 
the angles. The lead is cut 
away at B and turned up 
as indicated at A. Position 
of upright seam is shown by 
Fig. 30 (page 659). Where 





and burning in connexion 
with work entailed in the 
hxing of lead box gutter, 
are given in Fig. 31 [see 
Plate 17, /. p. 664) ; the 
cesspit and down pipe are 
self-explanatory. Fig. 32 
shows jointing of pipe to 
bottom of cesspit. One 
method of ** marking out " 
box gutters is illustrated 
in Fig. 33, on this page. 

Set out the end of the 
gutter at the corners, as 
shown by the dotted line, 
allow I in. for the underlap, 
as shown at A, cut out, as 
shown at B, and turn up 
end of gutter, as illustrated 


LEAD-BURNING. Fig. 32. Details of 
, joint of pipe to bottom of cesspit .. 
all or part of the burning gutter, showing burning : (top) section 

had to be done m sttu, the i7:r 



underlap ; B, metal cut. 


upright type of burning would be utilized, 
using the overlap as filler rod. 

Angle Burning is sometimes adapted, 
t.e, joining the lead sheets at a right 
angle, using lead strip as filler rod. 

Bax Gutters. Details of preparation 


in Fig. 34. The burning is done in situ 
by the upright method, utilizing the 
overlap as filler rod. The completed 
gutter is illustrated in Fig. 35. 

Fig. 36 illustrates the method of 

“ marking out ** and cutting lead for 

drip of box gutter, 
and Fig. 37 shows 
method of turning 
down end of gutter 
and gusset piece. A 
gusset piece should 
be cut large enough 
to form underlap to 
allow for upright 
burning in situ. Fig. 
38 shows completed 
.drip. 

Wlien possible to turn the gutter, all 
burning may be done on the flat, using 
lead filler rod. All joints in this case 
are arranged as butt joints. 

Fig. 39 (p. 661) shows preparation 
and burning of leadwork around roof ob- 
structions. The upstand is in one piece, 
and is burned to the flat with filler rod. 


Cut^ 
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Internal and External 
Angles. Internal and ex- 
ternal angles may be cut and 
a gusset piece fitted, after 
wliich the burning is done 
in situ by the upright 
method. (Fig. 40.) 

It is necessary to allow for 
underlap when cutting and 
fitting gusset piece as 
shown at A. 

Chimney Breast. An 

apron flashing for a chim- 
ney breast lead-burned by 
inserting gusset piece is seen 
in Fig. 41 on Plate 17 
f.p. 664. 

Chimney Back Gutter. 

Lead is laid in gutter, and 
pieces may be fitted and 
burned in situ, as shown in 
Fig. 42, Plate 17. Housing 
estates usually fabricate 
chimney breast aprons and 
gutters, in shop on site, 
lj uiii tempiate. 

Rectangular Rainwater 
Pipes. Most rectangular 
pipes are made from cast lead. They may 
alsu be made from milled lead. (Fig. 43, 
Plate 17.) 

In preparation, the lead is turned and 
dressed round a wood former (Fig. 44). 
The edges of the lead are prepared as a 
butt joint, and shaved clean to allow for 
an overall finished burning of | in. 

Before burning commeaLcs, a thin 
flat steel plate countersunk in the wood 
former should be inserted under the joint 
the length of the seam to allow for 
penetration of the burning and smooth 
interior. The burning may be of the 
button type, but is usually of the herring- 
bone pattern, as shown by Fig. 6 in 
Plate if), f.p. 656. 

Plinth Bends and Offsets. In 

fabricating either of these, a section of 


required, as shown at A, A, h'ig. 45. 
The length of the plinth or offset is 
determined by measuring the points B-B, 

45. . 

The pipe should be carefully bent to 
form the offset, and a small soft flame 
used for burning. 

Lead shoes are fabricated in a similar 
manner. 

Lead heads and linials arc fabricated 
with cither cast or milled lead, and lead- 
burned. The burning may be of the 
architectural type to tone with subject, 
or may be cleaned off entirely. In the 
latter case care should be taken to get 
thorough penetration of weld met il during 
burning. 



Lead Soil Pipes. External soil 
pipes arc often made of lead, circular 
drawn pipe being used for this 
purpose. The sockets arc formed 
by forcing an expanding mandrel 


Fig. 44. Wood former or mandrel 
round which rectangular rainwater 
pipes are dressed, the seam being 
made in centre of iron plate counter- 
sunk in wood former at A. 


rectangular pipe is utilized, 
as shown in Fig. 45. A V 
is cut, according to the angle 



Fig. 45. Method of making plinth bend or offset from rectangular pipe: 
V-cuts made at A, A ; length of plinth or offset determined by 
measuring B-B. 
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LEAD-BURN INQ. Fig. 47. Seiri-circular 
astragal made by splitting in half a section of 
a circular pressure pipe and bending it to the shape 
of the pipe (B); the lugs arc burned on with lead filler 
rod, as shown in elevation at A and cross section at C. 


into one end of the pipe, opening the 
j)ipe surficiently wide to enable a pipe to 
be socketed into it. plus the width of the 
rubber ring which makes the joint gas- 
light (Fig. 46, Plate 17). 

Scrni-circiilar astragals may be formed 
by splitting in half a piece of water 
pre.ssure piping, and bending round the 
socket of the pipe, as shown in B, Fig. 47, 
above. A, F'ig. 47, shows lugs burned 
on back of socket, using a lead filler rod. 

Branch Pipes. Branch pipes are 
formed by the method described for 
spigot and socket joints, one pipe being 
opened out to form a socket to receive 
the abutting pipe, forming the branch 
and lead-burned by button-burning or, if 
in situ, by the method described for over- 
head and upright burning. Fig. 48 
(Plate 17) shows branch pipe ready for 
lugs to be attached. 

External lead soil pipes are usually 
connected by inserting rubber rings in 
the socket. At the foot of the shaft 
where the drain connects, a cast brass 
ferrule should be lead-burned to the lead 
soil pipe. 


j(1l button type of 

I ■' eluding brass- 

I I I work to lead 

3 I I o thim- 

. I I bles, ferrules, 

I I M ’ 11 inspection 

Ijj. c. other 

\ 7 i /IT joints having 

Ml III to be made in 

I I I II situ the over- 

I I I lap or socket 

B I I lead would be 

I *'-UlI utilized as filler 

rod, and would 

- be as follows : 

^ Horizontal 
Joints, Burning 
to commence 
underneath or 
at the bottom 
of the pipe, 
leftwise to top 
of pipe, and 
again from bottom of pipe, rightwise to 
top of pipe. 

Vertical Joints, A spigot and socket 
is formed as de.scribed, and the overlap or 
socket lead is melted down to form strong 
beads, as shown at A, Fig. 55, in Plate 17. 

Waste Pipes. The preparation and 
burning are .similar to the method as applied 
to soil pipes. The angle type (see Fig. 20, 
p. 659) may be used on horizontal joints. 

Anti-siphon and Air Pipes. The 
preparation and burning are similar to soil 
and waste pipes. Lavatory waste pipes 
are also prepared and lead-burned ' 
similarly as described, except where tlie 
pipes have to be jointed close to the floor 
in a horizontal position in situ. In this 
instance it is not possible to burn on the 
outside underncatti the pipe, and what is 
known as a split joint has to be made. 
The preparation of this joint is as follows : 

One end of the pipe is opened by an 
expanding mandril a distance of 2i in. to 
give room to socket the oAer end 


£. LEAD-BURNING IN INTERNAL WORK 
Lead Soil Pipes. These are often 
used inside buildings on the ordinary 
sanitary system. Lead-burned joints 
ensure a gas-proof installation. 

The spigot and socketed type of joint 
is most favoured, as described in page^ 659 
(Fig. 19). All joints on pipes that can be 
rotated during burning would be of the 


sufficiently. The socket is then cut open 
longitudinally and across the top of the 
pipe, as shown by Fig. 49 in Plate 17. 

The other end of the pipe to be inserted 
in the socket is cut on the '* splay at 
about 45° and fitted into open end at 
» point A, Fig. 49. Burning commences at 
the bottom half of the inserted pipe, from 
A to B, Fig. 49, then continues from 
B to C. At this point burning changes 
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from internal to external, and is continued 
on the outside of the pipe, the worker 
having first pressed the two sides over the 
internal pipe. Having burned the four 
seams, the joint is completed by burning 
the flat butt seam on the top of the pipe. 
Completed joint is shown in Fig. 50, 
Plate 17. 

Internal Lead Floor. A detail of 
lead-burned floor and gutter to shower 
and spray room is given in Fig. 51 on 
Plate 17, /./>. 665, and is self-explanatory. 
It will be noticed that the angles and 
upright joints are capped. The lead at 
the back of the capping is fitted to butt, 
("esspit details are shown in Fig. 32, 
p. 660. 

Making Y Branch. Part of the two 

outer curves of two lead bends are cut 


iron soil pipe, A. B is brass thimble ; C, 
lead-burned joint ; D, lead anti-siplion 
pipe. B is also shown in enlarged section 
at side. Cast iron joints are made with 
caulked gasket and molten lead. 

Fif?- 55 Plate) shows section of lead 
soil and anti-siphon pijx^s. An expanding 
mandrel is iisecl to form the sockets on oni‘ 
pipe. To receive the abutting pi])e, as 
shown at A, tlie joint is made by burning 
down the overlap in tlur form of strong 
beads, no tiller rod b(‘ing required. Tlu‘ 
anti-siphon pipe, B, may be insia ttxl into 
the soil [)ipe by either forming a socket 
similar to A, or inserting the abutting pipe 
1 in. into the bo.ssed out sec'tion of soil 
pipe, as shown in sketch. The ty])c o1 
burning is the same as for A. 

The brass thimble, C, shoTild be prt*- 


away to the centre line, as shown in Fig. 53 pared as ])reviously stated and burned on 
Plate f. p. 665. The cut edges are then to the leail jape previous to the joints 
butted tugelher, spot-tacked in position A and B being made. The pipe should be 
using lead tiller rod, and the joint is com- rotated during burning and button type 
pleted by method stated for button burn- of Imrning should be 
iug. the bl' wpipe being lifted after cac'h utilized. LI 





LEAD-BURNING. Fig. 56. Lead-burned joints on 
range of lavatory basins : A, piimary waste ; B, 
secondary waste ; C, anti-siphon pipes ; D, cleaning 
eye ; E, cnlarj^cd section of Joint. 

application of filler rod. Fig. 52 (in Plate) 
shows alternative method of preparing and 
burning Y branch (button burning).^ 
Joints to Soil Pipes and A.-S. Pipes. 
Fig. 54 (Hate 17) gives an idea how lead 
soil pipes are prepared and lead-burned. A 
shows section of main soil stack in cast 



Enlarged 

Secl-ion 

At the foot of the shaft, the lead pipe 
should pass through the brass ferrule or 
sleeve. The joint may be of the button 
type of burning by rotating the pipe, or it 


iron ; B, brass sleeve to lead oipe ; D, lead 
pipe; C, lead-burnet^joinL connecting 
brass sleeve to lead pipe* E, lead-bnnicd 
joint : F', brass thimble connexion to w.c. 
basin ; G, .socketed lead-burned joint made 
in silu ; H, lead anti-siphon pipe. 

Lead pipe should pa.ss tliroiigh brass 
sleeve V>, and button-burning • method 
should be adopted to make joint. 

Fig. 54A {see Plate) shows joints to cast- 


tl. . pipe is m silu as de.scribed for A using 
lead filler rod in each instance to make 
joint. 

Range of Lavatory Basins. Fig. 5 ^^ 
illustrates lead-burned joints to waste and 
anti-siphon pipes. A, diuiotes primary 
waste secondary waste pipes. 

C, aiiti-siphon pi])es. D, cleaning eye. 

The type of preparation and jointing 
would be as shown in enlarged section, E. 
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LEADED LIGHTS: MAKING AND REPAIRING 

By Perqr Manser^ M.R.San.1., R.P. 

The repairing of leaded lights Is done by plumbers In rural districts, together 
with sundry glazing work. Occasionally the worker Is called on to make up lights, 
and the information here provided will enable him to undertake such Jobs. For 
further hints on soldering, see Soldering. 


LEADED LIGHTS. 
Fig. 1. Cast-iron 
mould for cames. 
hinged at bottom. 


Lead-light glazing is the formation of 
glazed lights of various patterns which 
are built up with lead “ cames ” and small 
pieces of plain or coloured 
glass. At one time glaz- 
ing formed part of the 
plumber’s training, and 
even at the present time 
in many districts the 
plumber still has some 
connexion with glazing 
in one form or another. 

The making of leaded 
lights is now exeicuted 
mainly by specialist 
firms, but the plumber 
is often called upon to 
make them or to repair 
or replace lights which 
have become broken or 
damaged. The “ cames," 
or " calmes," are in effect the glazing 
bars in which the glass is held. They 
are composed of lead strip which in 
section is in the form of the letter H and 
varies in size according to the nature of 
the job ; they can be obtained from* lead 
manufacturers, but if a mould and hand 
mill form part of the shop equipment 
they easily can be made by the plumber. 

Making the Casts for Games. The 
mould (Fig. i) is of cast-iron and made in 
halves hinged together at the lower end. 
A wood handle is fixed to a hinged iron 
loop which passes over the top end and 
clamps the halves together while the lead 
is poured in. The mould should be well 
heated before pouring in the lead, as the 






CuNers 



Fig. 2. Came machine: left, came in poeition for cutting ; centre, 
oame at point of entry, with wheel gripping it; right, portion of 
finished came. 


casting space is very small. Like the 
finished cames, the casts are of H section 
but much thicker ; to finish them they are 
passed through the came 
machine in which are 
fixed formers or cutters 
and milled edge wheels 
to suit the type of came 
required. 

As the handle is turned, 
the wheels grip the heart 
of the cast came and draw 
it through (see Fig. 2), 
while the cutters on each 
side form the shape of the 
outside of came. It is 
considerably lengthened 
during the process, and 
to assist its passage 
through the machine a 
little lard-oil or similar 
lubricant should be smeared on the cast- 
ing. As the finished came issues it should 
be cut to suitable working lengths and 
carefuUy placed on a board or in a box, as 
it is easily twisted and damaged. 

The cleaner cames are kept, the easier 
will be the job of making or repairing 

1 X xixxs: 

I IIIIIX ^ 

Fig. 3. Types of came, shown in cross section. 

lights. The machine should be securely 
bolted to a solid bench, as the leverage on 
the handle is considerable and turning it 
is not an easy job. The main principle of 
the machine is shown in Fig. 2. The 
spindles are operated by small 
cogged wheels and cutters*are fixed 
in recesses in framework. Many 
types of ca^.s can be produced, to 
suit diflefeift thicknesses of glass 
and the size of the light to be made. 
A few are shown in Fig. 3. 

Tools for Leaded Lights. For 
lights, tools required are: Glass cut- 
ters, diamond and wheel type ; tee 
square and cutting laths ; straight- 
e^es ; glazier’s pliers, cutting 
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Cutting knives 



Diamond 

LEADED LIGHTS. Fig. 4. Tools for 
making lights ; knife A made from 
broken chisel knife. 

pliers ; tack hammer, cutting 
knife, came opener, putty 
knife, copper bit. A gas- 
heated copper bit is a useful 
tool for this work. A came 
opener, or ladkin,” is best 
made of bone or horn (such 
as an old. large, knife handle), 
but an odd piece of boxwood 
(a. bioken clicsscr or bos.sing 
stick) will make a handy 
tool. The knife .shown at A, 
Fig. 4, was made of a broken 
chisel knife sharpened to a 
fine cutting edge ; it proved 
useful for cutting and skiving 
the cames. A straight-edge 
bevelled to enter the came as 



glass to size. Before 
using the cames, cut 
suitable lengths for 
the job and stretch 
or “ kill” them. 
Hold one end in a 
vice, grip the other 
end with pliers and 
pull gently but firmly 
until perfectly 
straight. Lay the 
lengths on a board 
until ready for cut- 
ting to the exact si/e. 
Tack a lath on the 
board or bench, and 
another at right 
angles, as A and 13 , 
lug. 7. These will 
repres(*nt the bottom 
and side of the 
opening for tin' light. 
Cut to length the 
r e b a t e or margin 
cames, and tack to 
the board against the 
laths, as C and D, 
Fig. 7. These cames 
will be wider than 
those used between 
the (jnarri(‘s for fixing 


at E, Fig. 7, is useful for 

tapping the squares or quarries into 

position as the work proceeds F, Fig. 7). 

Making the Lights. A perfectly flat 
surface is essential on which to build up 
the numerous pieces of which the ligh^^s 
are formed. For plain, straightforward 
lights, the measurements of the opening 
and the size of the squares or quarries only 
arc necessary ; but for intricate designs 
(such as Fig. 6) a drawing must be 
prepared. If coloured glass is to be 
included this can be indicated by crayons, 
and the •cames with a very soft lead 
or a charcoal pencil. For small lights 
the pattern can be ^ixed 'o a board 
similar to an ordinary d-rawing board. 
The drawing can be held in position by 
the guide laths. 

Let Fig. 5 represent a plain rectangular 
light of 12 squares or quarries. The 
type of came having been decided, set 
out the jub, allowing for the thickness of 
the hearts of cames, and then cut the 



Fig. 5 . Plain rectangular light of twelve quarries. 
For method of making, see text and Figs. 7 and 8. 
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})urposes, and should be 
wide enough to project 
beyond the rebate, as in 
l-ig. 9. 

Run the opener or 
ladkin along these cames 
to spread them for the 
glass. Cut the short cames 
the exact length or width 
of the glass, and skive 
the ends as shown at G, 
Fig. 7. The long or 
through cames will be 
cut as required : in this 
case equal in lengtli to 
three quarries plus two 
hearts of cames. i he 
ends are skived to enter 
the rebate cames. 

Commence with square 
No. I {see Figs. 7 and 8) : 
slip in cross came a, then 



LEADED LIGHTS. Fig. 7. Making a simple light : A and B, laths 
tacked on board ; C and D, rebate or margin carncs ; E and F, came 
held between glass and straight-edge ; G, cross came skived for insertion 
into through came ; H, intersection of cames. Small letters and 
. numbers correspond with those in Fig. 8. 



Fig. 8. Simple light of Fig. 5, with cames placed in position 
by method shown in Fig. 7 and described in text. 


other suitable tool at hand. The 
same operation can be carried out 
from square No. 3 towards rebate 
came D, and if desired a temporary 
lath placed (as shown at E, Fig. 8) 
to kcej) the work in position. The 
remaining squares are placed in 
position in the order shown in 
Fig. 8, and another lath may be 
tacked outside the top rebate came 
(as at F) to hold the job secure 
while soldering. Before the squares 
are placed in position the corners 
should be nipped off with the pliers, 
as at H, Fig. 7. 

The cames are then rubbed or 
closed down to the glass with a 
closing knife, which is similar to a 
putty knife ; or a thin bone tool 
answers the purpose very well. 

Soldering the Cames. The next 
job is to solder the intersections of the 


square 2, cross came h, 
next square 3. The 
through came C is then 
placed in position, and 
to make sure the three 
pieces of glass are 
“ home " in rebate came 
C, the straight-edge is 
placed in the through 
came and gently tapped 
with the hammer, or 



Fig. 0. Setting out came for light of Fig. 5 ; margin cames (C and D 
of Fig. 7) are cut wide enough to project beyond rebate. 
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Copper WifeTie 



LEADED LIGHTS. Fig. 10. Fijffngrod supports to back of lights: (left) wire tie soldered 
$ to came ; (right) rod tied with wire. 


camcs. Copper-bit or blowj:)ipc solder is 
suitable, and the latter makes a very 
neat “ spot ** or “ button.'* A Ilux of 
finely powdered resin and a little tallow 
is quite good, or use may be made of 
“ Fluxite ” paste. The copper bit must 
not be too hot, or melting 
of the cames may easily 
occur, with ugly results. 

It is for this reason that 
a gas-heated iron gives 
good results : the llaine 
can be regulated to obtain 
an even heat. One side completed, tlie 
e.rht is turned over; the other side 
rubbed or closed and then soldered. 

Cementing the Quarries. The final 
job is to fill or cement the quarries to 
the cames. Thick paint or a mixture of 
whiting, linseed oil and vegetable black 
is generally used, being 
worked in with a wad of 
rag or a stumpy brush. 

Dry whiting, applied with 
a rag, is used to remove 
surplus paint or filling, 
and a final rub is given 
with dry black. If pro- 
j^erly cleaned, the solder 
spots will show up bright- 
ly, while the camcs will 
be clean but dull in 
comparison. 

Supports. To give 
support to lights, iron or 
copper rods may be fixed 
to the back of them, d'he 
rods arc ©f J in., in. 
or I in. round section, 
according to the si/e ^of 
the light. Copper wire 
ties are soldered to the 
cames at intervals ; these 
are twisted round the 
rod as shown in I'ig. lo, 
and the ends of rod 
secured in the rebate of 
the opening. The light 


shown in Fig. 12 
measures 27 in. 
X 12 in., and is 
provided with 
two cross stays 
or su}q)orts as 
shown. 'J'hese 
sii|>|)orts should, 
whenever pos- 
sible, be masked 
by a through came, so as not to spoil 
the effect of the design. 

Repairs. Tlie re]viiriiv of leaded lights 
is a tedious job, unless they can be taken 
out and the work done on a bench. Minor 
repairs, such as the replacement of a 


broken scpiare or two, can be carried out 
in situ, but a great deal (U‘peiids on tlu! 
condition of tlie light and the type of 
came as to whether even one i)iece of 
glass can* be successfully replaced. It is 
an easy matt(.'r to remove the broken 
glass, but the replacement nutans that tlui 
cames must be cut at 
the corners, the “flange" 
or “lip" lifted to get the 
glass in, and afterwards 
rubbed down again (see 
Fig. 11). With narrow 
camcs it is very diificult, 
as there is little lead to 
lift and it usually curls 
up and bic‘aks at many 
points. With the wider 
earners, if the lead is in 
^ good condition, lifting can 
be successful for the re- 
placiunent of broken glass. 

If the damage is at 
all serious, it is quicker 
and more economical to 
take out the light, so that 
cames can be cut out, if 
necessary, for making 
a sound job. Repairs, 
should, if possible, be 
effected from the back 
of the light, so that cut or 
otherwise damaged cames 
which must be soldered 
are not plainly visible. 



Fig. 11. Replacing a pane of glass : came is cut ul corners, flange lifted 
as shown, glass replaced, and flange rubbed down into position. 



Fig. 12. 'Repairing door paiffel: shaded 
portion and squares 1, 2, 3, 4 removed ; 
cames cut at points C. 
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Fig. 12 is given to show how a repair 
was effected. The light was taken out 
and the shaded portion (which was 
smashed) was completely removed, to- 
gether with the pieces numbered i, 2, 3, 4, 
and the cames shown in heavy lines. These 
cames were neatly cut at the points 



equipment. For temporary use an odd 
piece of lino, can be cut with a sharp 
pocket knife to the desired curve. 

LEAD SLATE. This term has two 
applications : (i) a piece of sheet lead 
shaped to make a weather-proof joint 
where a pipe passes through a sloping 
roof of slates, tiles, etc. (See Figs. 2-5 ; 
also illustratiorls 
under Lead-burn- 
ing.) (2) A lead- 
covered piece of 
board fitted to a 
slated or tiled roof 
for fixing lead or 
iron soil, waste or 
vent pipes. (See 
Fig. I.) 

The first-named 
are made in various 
ways, (a) Bossing 
them from sheet 
lead, (b) Using a 

Lead Pipe 

iXod Burnt 
orSoidered 
Seam 


SBCTtON 

LEAD SLATE. Fig. 1. Lead 
slate for pipe run on slated or tiled 
slopes. Slate is formed of sheet 
lead on wood block fixed to rafters. 

marked c. The rebate came was cut and 
lifted as shown by. the dotted line. Glass 
of the desired tint to match thcTemaindcr 
was obtained, cut and fitted into new 
cames as indicated, and the pieces 
3, 4 refixed. The points where 
the cuts were made were 
afterwards soldered in the 
usual way. The cames in this 
case were in. wide, and it 
was quicker to remove the 
sound squares or quarries 
I, 2, 3, 4 and the cames than 
to try to replace the shaded 
portion, otherwise it would 
have been difficult to leave a 
sound job. 

Cutting Curved Patterns. 

When making up or repairing 
lights similar to that shown 
in Fig. 6, useful curves for the 
purpose can be made from 
stout cork linoleum, or from 
plywood. For work on a large 
sc^e, a compass diamond 
should be included in tlie 




PLAN 

Fig. 2. Slate formed by Fig. 3. Plan and section of 
soldering or burning, lead slate shown in Fig. 4. 

piece of lead pipe and soldering or burn- 
ing it to a flat piece of lead. (c) Mak- 
ing a pipe from sheet lead, soldering or 
burning the seam, and joining the pipe 



Fig. A Lend slate In the form of sheet lead shaped to provide weather- 
proof Joint where pipe passes through sloping roof. See also Plate facing 
page 667 (Lead -burning). 
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to a flat piece by one of i %# i 

these methods. These are "CJ.ranf pip 

for iron pipes. If the 
pipe passing through the 
roof is lead, it only requires * 

a piece of sheet lead fitted 

around it, and made .* '’’’J 

weather-proof by wipiM 
a flange joint.| • ''/I 

Wliere iron pipes are f 
concerned various .. •/ Shorf lenq}h o/ 
methods arc used to make ■■// . j ,Z^ J 

a sound joint between the < P^A 

pipe and the top edge of ' * / \A 

the tubular portion of the ^ ‘ 

slate. A common method 
is to squeeze oil cement * 
in between the iron pipe ‘ ^/mm/ 

and tile slate, and to dress beop 
the lead tightly to the bu^inQ 
iron. Another method is 
to arrange the piping so 
that a socket is just 
above the roof line, and 
. dress thf* top edge of / 
the lead tightly into the 
neck of the socket ; or to ff 

turn the lead over the . 
top edge of the socket so ; 
that it IS incorporated in jf* 
the caulked joint made . . 

for the next length. lead slate. Fig. 5 . l 

Slates tor fixing pipes pag 

on roof slopes are formed 

by fixing a block of wood to the they ; 
rafters or boarding, and covering it with ' aulki 
sheet lead so that it stands a little above pace 
roof line (see Fig. i). The flat portion lools 
of the lead must be large enough to form 
proper laps over and under the slates which 
or tiles.- -iVey Manser, M.R.Saf^.L is a m 

LEAD WOOL. Thin strands ol lead that < 


Lead dnsssed^b' 
Jop o) sockeJ on ' 
lower seclonofCl 
■ \«nlpipe. 



;*Leocl 

' • state. 


LEAD SLATE. Fig. 5. Lead biale to cast-iron veni pipe, w th short 
length of lead soil pipe burned on sheet. See also Plate facing 
page 657 (Lead-burning). 

From The Airhiterts Journal library of I’lannid Information. Vol S 

od to the they aic gradually consolidated with the 

Ting it with ' aulking tools and hammer until the 

little above pace is completely filled. See Caulking 
flat portion lools; also Joints: (2). 
ugh to lorm LEADWORK ; Creeping. The ease with 
r the slates which a metal can be worked or ‘‘ bossed ” 
.San. I, jg measure of the " plastic deformation " 

inds ol lead that can occur under the combined inllii- 


in the form of a hank or skein, used for 
caulking joints in place of molten lead. 
Lead wool is a useful material for making 
caulked joints on cast-iron socketed pipes, 
especially yhen such pipes arc being laid 
in wet surroundings or during wet weather. 
The danger to the worker whi ’’ may arise 
from pouring molten dead into a wet 
caulking sj)ace is thereby avoided. No 
lead pot. fire, ladles, caulking clamp or 
clay bands are required. 

The fine strands of lead are twisted 
together similarly to a skein of ordinary 
wool. They|can easily be separated and 
cut to a suitable length and bulk for 
feeding into the caulking space, where 


ences of ext(*rnal force and appliecl heat. 
During bossing, lead readily alters shape 
liecausc of an easy “ flow of the crystals 
over each other, an action greatly assisted 
by heating. 

In warm weather, when it is unusually 
plastic, lead work on roofs is subje^ct to the 
internal stress of expansion due to sun 
heat, in addition to an cvcr-piesent ten- 
dency to slide downwards because of its 
own weight. Under these combined forces 
of expansion and gravity there must be 
ftiovcmcnt which, since the lead is neces- 
sarily Jixed at the higher end, can only 
take a downward course. This may be 
followed in a few hours by a temperature 
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drop of perhaps 60"’ F. or more (say no'’ F. 
sun temperature to 50° F. night tempera- 
ture), which must cause the lead to 
contract. Hut for its great weight, con- 
traction might draw the metal up the 
slope again, but it is much more likely to 
draw more metal downwards, bearing in 
mind the a.ssistance of gravity in that 
direction. When this process has been 
repeated daily over a ])eriod of months 
and, in time, years, it is reasonable to 
expect some degree of “ creeping ” in lead 
so affected, due to its progressive down- 
ward movement and reprtated non- 
return to the [position occupied before 
e.vpansion. In many situations the great 
ductility of this meta! leads also to 
stnitching under sun heat and gravity, an 
action wiiicli can only worsen matters and 
hasten failure due I0 creeping. 


It is clear that concealed tacks and 
fixings can do little more than hinder the 
action. On flats and similarly easy slopes, 
frequent drips [which see) shorten the 
lengths of lead required, and so reduce the 
total expansion and weight of each piece. 
It is also necessary that the slope be as 
easy as possible iii order to minimize the 
sliding tendency. * On greater slopes, such 
as domes and spires, the use of small bays 
is again of j)rimary importance for the 
same reasons. 

A ‘‘ herring-bone ' or other ornamental 
arrangement of well under-cut wooden 
rolls is of considerable advantage in 
supporting each bay without undue 
dependence upon concealed tacks. — J . W . 
Cowan, 

See Expansion : in Lead Roofing ; 
Roof work : in Lead. 


LEADWORK: ORNAMENTAL WORK IN CAST AND 

SHEET LEAD 

By Percy Manser, ^.R.San.l., R.P. 

Instructor in Plumbing at the Tottenham Polytechnic 
Under the heading Cast Leadwork earlier in this work Mr. Manser gives instruc- 
tions for simple ornamenttl work, and the reader should refer there for useful 
details. In the present contribution ornamental work in cast, bossed or built-up 
lead is dealt with. Instructions arc given for making rainwater heads, pipes, 
vases and bowls, flower boxes, fmials and curbs, while a section is included on 
embossed work. A folding Plate faces page 672. See also Lead-burning ; 

Rainwater Pipes and Heads (Lead). 


Ornamental leadwork includes such 
items as gutters, rainwater heads, rain- 
water pipes, vases, fonts, bird baths, sun- 
dials and cisterns ; coverings to ridges, 
hips, domes, cupolas, turrets, torus rolls, 
finials, fascias, spandrils, and also linings 
and fronts for window boxes. 

Cast lead, milled lead or a combination 
of both may be used for the make-up of 
many of these items. Ornamental work 
in cast lead was executed to a very large 
extent centuries ago, and many fine 
examples of early cast leadwork are still 
to be seen in many parts of Britain — not 
only in museums and similar places as 
exhibits of craftsmanship, but still carry- 
ing out the purpose for wliich they were 
made and fixed. At Hampton Court may 
be .seen lead-covered cupolas to the turrets, 
and also lead vases of excellent design. 
Sir Christopher Wren made great use of 
lead for covering the spires and cupolas of 
his City churches, and the dome of St. 
Paul's is an example. Fine examples of 
statuary still exist in many districts, and 


cisterns with various forms of decorative 
panels, coats of arms and monograms are 
fairly numerous. At Knole, Sevenoaks, 
may be seen some excellent examples of 
leadwork in the form of rainwater heads, 
pipes and also cisterns. 

RAINWATER HEADS 

The advent of leaden rainwater heads 
and their accomj)anying down pij)es took 
place about the end of the fifteenth cen- 
tury, when they were introduced to take 
the place of gargoyles (i.e. ornamental 
spouts fixed to conduct the water beyond 
the wall face). The plumbers df that time 
were thus enabled to exercise their prac- 
tical ability in the general arrangement 
of heads and 'pipes for the conveyance of 
rainwater from roofs. Many elaborate 
rainwater heads were designed and made, 
and cast ornament was extensively used 
as a decorative medium. There are 
numerous lead heads still in use, and in 
addition to the highly elaborate and 
exclusive designs to be found there are 
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LEADWORK ; ORNAMENTAL. Figs. 1 and 2. Bossing a rainwater head from milled shfeel : 
(left), commencement of work ; (right), bossing the lead to form the cone. 


many of a stock tj^pe. Eventually, lead 
gradually fell into disuse and the substi- 
tution of iron on account of its cheapness 
gave rise to a deplorable laxity in the 



Fig. 3. Milled sheet formed into cone, at conclusion 
of operation shown In Fig ibove. 


matter of design ; cast-iron rainwater 
heads and pipes became merely something 
to coneiuct the rainwater from the roof. 


The method of bossing a head from 
milled sheet varies, but Figs, i, 2 and 3 
show three stages during one laocess. The 
lead is first worked up into a cone shape, 
and when sufficiently advanced the back 
is formed and tlu^ tiutline of me head 
bossed roughly into shape. As the job 
proceeds the lead is workt d to the dt sired 
pattern, and the method to be followed 
depends upon the actual finish — i.e. 
whether a moulding or ornamental edge 
is to be bossed as an integral part, or made 
separately and soldered or burnt on. 'I'he 
head shown in Fig. 4 was bossed from 6 -lb. 
lead, the rope pattern edging b(‘ing formed 
around the top with chase wedges, 'fhe 
lugs or tacks were cut from y-lb. soil pijie, 
the moulded edge being I in. x 30 in. lead 
|>ipe cut down the centre ; the jiattern 
was chased in with a sharp boxwood 
wedge, the corners mitred and burnt on 
to the 7-lb. lead from the back. 

Tlie rosettes or bosses for the nails were 
cast in sand in an impression made by an 
old brass rosette ; these were also burnt 


It has, however, been recognized that iron 


cannot compare with lead for 
durability or adaptability, and 
lead do(\s not require periodical 



on from t he back. 



To give extra strength 



painting to preserve it. 

Head Bossed in Milled Lead. 

Milled lead can be bossed into 
many intticate designs without 
the use of moulds or blocks and 
patterns can be worked t . an 
architect's drawing if necciSsary ; 
but in many cases cast lead is 
considered more suitable for mak- 
ing up rainwater heads. With 
niodern lead-burning equipment 
the makina of heads and pipes 
with either cast or milled lead is 
simplified. 



Fig. 4. Bossed-up rainwater head with back tacks burnt 
on : head made from G-lb. sheet, and lugs from 71b. soil pipe. 


O7I 



LEADWORK: ORNAMENTAL 


Afeafdttf M0sfiir 
£fi^ Surmnf^ ,y,j,lgacl 

•(> ^’ O 

7&eA:s /armed on 7^^ Lead 



^/an s/fOio/na lamina 
on 7oi> £dae, ^ 


Back e/ Tpck 


f 


AirLSec/ion Mre' 
6ac/cof Headand 
7b cL snotoina do7 
Surn/nas , a/so 
TbjbondSo/tom 
Sum/n^s 


Section showing 
Burning to 
4fou/ded £dge 


LEAD WORK : ORNAMENTAL. Fig. 5. Making up rainwater head ; tacks were 
built up on strip of lead passing across back of head, and strip was burned at top, 
bottom, and each side of head, with four dot burnings to back of head. 


to the job the tacks were built up on one 
strip of lead passing across the back of 
the head ; the strip was burnt along top, 
bottom, at each side of head, and 4 dot 



Fig. 6. Built-up rainwater head ; main part of body 
bossed from milled sheet ; moulding cast and burnt on. 

burnings were made to back of head 
(Fig. 5). A chalk sketch on brown paper 
was used as a working drawing. 

Built-up Head. A 
built-up head is shown 
in Fig. 6. The main 
part of the body was 
bossed from milled 
sheet ; the castellated 
moulding was cast in 
sand in an impression 
made by wood moulding, 
and afterwards mitred 
and burnt on. The tacks 
are the ordinary cast 
stock pattern, also burnt 
on to the head. The 


monogram was 
cut from stout 
sheet lead and 
fixed by secret 
soldering. 

Simple 
Bossed Head. 
A simple and 
inexpensive 
type of head 
which can be 
formed by boss- 
ing, having ears 
or wings sol- 
dered or burnt 
on, is shown in 
Fig. 7. The 
making of a 
headof this type 
can be simpli- 
fied by bossing the front from one piece 
and then cutting the back and ears from 
another piece, soldering or burning them 
together. If this is done it is advisable to 
jlIIow an inch on the front for turning on to 
the back. This is a type for which a mould 
could be used if a number are required. 

Angle Head. An angle head with a 
bell-shaped front is shown in Fig. 8. This 
is fixed in the Temple, London, and was 
made in 1678. The front is soldered to 
the back ; the lugs or rings are soldered 
on, and the outlet pipe is soldered to the 
bottom. The head is fixed by wall hooks, 
the lugs being made long enough to fold 
back and cover the heads of the hooks, 
in the same manner in which lead soil and 
rainwater pipes, were fixed before the 
introduction of cast lead tacks. This 
method is described because front a dis- 
tance it may be a matter of conjecture to 
the uninitiated as to how they are fixed. 

Another angle head having a bell- 
shaped body is shown in Fig. 9 ; many of 



Fig. 7 (leftf. Seml-c4rcul«r head. Fig. 8 (centre). Angle kead (at the 
Temple, London, dated 1678). Fig. 9 (right). Angie head at Somereet 
House, London. 
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these are fixed on Somerset 
House, London. It is made 
on similar lines to Fig. 8. 
fixed in the same way. 


i JWWMattitIL ' -.AW 
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RAINWATER PIPES 

Modern lead rainwater pipes 
may be of cast lead V be 
made up from lengths of 
hy^aulic-dra^n lead pipe, 
which can be obtained in 
various sections to suit differ- 
ent styles of architecture. 

Sockets for such pipes may 
vary in length from 3 to 6 or 
9 ins., to suit the shape and 
size of the pipe. Tfiese sockets can be 
formed by the plumber on the pipes, or may 
be made separately and afterwards burnt 
or soldered on. Tacks also may be cast or 
made up from stout cast ui milled sheet 
and be burnt or soldered on. 

Cast pipes vary in the way they are 
made up, and ornamental features which 
are^ required are usually cast together 
v/ith the pipe, the sockets and lugs being 
afterwards burnt or soldered on. 

Made-Up Pipes. Made-up pipes which 
may be required with sliarp arrises are 
fornied of four strips, the front and the 
sides being burnt together first on the 

inside, and the back 

burnt on last, as 
shown in section at A, 
Fig. 10. If rounded 
angles are required on 
the front <:he pipe is 
made up in two pieces, 
the back being burnt 
on as before described 
and the front and sides 
being in one piece, as 
in section at B, Fig. 10. 


VASES AND BOWLS 

Vases and bowls 
may be made by cast- 
ing, bossing or building 
up from cast or milled 
sheet, a» ording to re- 
qufrements. Moulds 
for castings may have 
the enrichments carved 
in or upon them, and 
are usually made in 
several parts to enable 



» 'I m 



£ievation 


> ou«.i-up square > , 

For the. making them to be Separated 
Fig?^,‘p.**e6Sl “* after the casting has 


Fig. 1 1.^ui.t-up square 
vase. 






W Sac4:<^ 
P/peon<t 
^ JockeC 




LEADWORK : ORNAMENTAL. Fig. 10. Made-up 
rainwater pipe, shown in section and from the back : 

A, four strips burned together to give sharp arrises ; 

B, two strips used to give rounded front angles. 

been made. Small* articles may be cast 
as described under the heading Cast 
Lead Work. Large articles are often cast 
in several pieces and burnt together. 

Built-Up Vase. For a built-up vase 
as shown in Figs, ii and 12, cast or milled 
sheet can be used. The shape of each 
segment *s first obtained by geometrical 
development {see Setting Out) ; it is then 
cut out, bent to the outline and the 
angles burnt together, the bottom being 
burnt on afterwards. If desired, each side 
may be cast separately (together with any 
ornament which may be needed) in the 
sand bed of a casting frame, afterwards 
being bent to shape and burnt together. 
If of milled lead, the ornament may be 
embossed in the lead before cutting out 
the shape of each side or 
segment ; or they may be 
made separately and burnt 
or soldered on. 

Bossing a Vase. The 
process to be followed when 
bossing a vase is similar 
to that de.scribed for the 
rainwater head shown in 
Figs. I to 3. A model in 
stone plaster or lead may 
be available from which 
to work, but a sketch will suffice. Orna- 
mentation may be worked in the lead 
or made separately and burnt or soldered 
on. When bossing, care must be taken 
*not to overwork the lead or it may be- 
comet too thin— especially where the 
narrow stem is formed ; it is better to 





Fig. 12. Hex- 
agonal vase built 
up of cast or 
nnilled sheet. 
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“gather” the lead at 
this point and t hicken it 
to give strength for sup- 
*■ porting the upper por- 

tion (Fig. 13). Wlien 
working ornament 
on these jobs, chase 
wedges of soft wood 
are the best to use 
as they greatly assist 
movement of the lead 
without marking it or 
LEADWORK : ORNA- undulv thinning it. 
"^B««diea/lase.’®' Like all Other bossing 
operations, the work 
should be kept free from buckles and 
creases during the early stages. 

Finials. Finials are used to give a 
finish to turrets and domes, and are em- 
ployed also at intersections of hips and 
ridges. They may be of a simple or highly 
ornamental design, and the method of 
covering them varies according to their 
size and shape. A simple type is shown 
in Fig. 14. I'liis, if small in size, can be 
covei’cd in one piece of lead. If of a large 
size it should be covered in three pieces, 
the base A being put on first and fixed 
under tlie necking N. Sufficient lead 
should 1)0. allowed for weathering at the 
extreme bottom of ba.se. The next piece 
B is then put on and worked under the 
necking N to lap the top of piece A, the 
top edge being fixed to the top of stem 
under the ball at M. The ball fe then 
covered and the bottom worked in to lap 
the top edge of piece B. Figs. 15 to 17 
show finials covered in one piece, that in 







Fig. 16 being the finish to an octagonal 
lead-covered turret. {See Finial.) 

FLOWER BOXES 

The early type of box was of wood and 
usually decorated externally with mould- 
ings to form pan^Js. Zinc linings were 
often provided, anil the exterior was fitted 
with tiles of varieus shapes and colours. 

Although very popular- as window 
decoration during the last century and the 
early part of this, 
their popularity 
began to wane. 

They were often in 
need of repairs, as 
the moisture from 
the soil destroyed 
the wood or the 
zinc. A revival of 
their use has begun 
by forming them of 
lead. They may be 
built up to meet 
tjie requirements of 
various types of 
windows, either at 
sill level or over the 

windows of laree Bail fmial, covered 

wiliuuws 1 . 0 ^ in three pieces of lead. See 

business p)rcmises text for details, 

where a display of 

flowers is desired. Lead-lined wood boxes 
may be used with tiled exteriors if desired. 

Boxes may also be made wholly of lead, 
but they need to be of good substance (not 
less than 8 lb. per foot super) , and the angles 
should be soldered or burnt together. 
Milled or cast sheet can be used. If the 

former, moulding 
and orsiament 
could be made 
separately and 
b u r n t o n ; i n 
/ regard to orna- 

1 rnent, much can 

^ be done by ordi- 

nary burning, 
shown on the 
front and end of 
the box illus- 
trated by Fig. 18. 

' This is a lattice 
pattern traced on 
the leadwork and 




Figi. 15-17. Finials covered in one piece of lead ; overall heights — (15) 2 ft., (16) 
2 ft. 4 in., (17) 3 ft. 8 in. 


formed by adding 
feed lead and 
fusing it to the 
lead box. A 
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LEADWORK : ORNAMENTAL. Fig. 18. Small 
flower box of milled sheet lead decorated by burnina 
lattice pattern, adding feed lead, and fusing it to box. /v ’- * 

small lead pipe should r- ^ ^ 

be fitted to the bottom ^■— liiij^ri^i; 

for draining purposes. 

Boxes in Cast Lead. 

Cast boxes may be built 
up by using separate • 

panels having mouldings 
and ornament cast on 
them as desired ; these 
panels form the front or - •••:-•-■■ ■-•rr' 

front and ends as the case Fig. i9. window-box in 
may be, and are burned copper tube 

a cast lead base and • 


idea of the depth necessary 
to give sufficient relief. The 
dolphin panel illustrated in 
Fig. 20 is embossed in 5 lb. 
lead, a printed illustration 
being used as a guide. This 
is an example of high relief. 
Tlie small panels in Fig. 21 
are of the same sul)slance 
and are replicas of plaster 




g Lf^per Leaa 


Ji’ 


cast Icad^ made of panels with cast>on ornament ; 
in lead pipe, both flanged and burned to front and 
of box, as shown on right. 


back. If moulding and ornament are ca.st 
with the panel a great deal of fitting, 
preparation and burning are avoided. For 
large windows or shop fronts, boxes built 
up of cast sheet are to be preferred. For 
long spans they are made up in sections 
and burnt together in position. Internally 
they must be supported by cross stays 
fixed at intervals near the top edge. A 
very good form of stay is a length of 
copper tube passed through a length of 
stout lead pipe, both being flanged 
and burnt to the front 


casts. No mould or wood ba.se is used, 
and the operations are carried out from 
the bac^ as well as the front of the 
lead. 

In embos.sing, much dei)ends on the 
intricacy of the de.sign as the best me-thod 
to follow, but the following instructions 
will be a guide. The rough outline is 
chalked upon the lead, and outside this 
marking the lead can be worked down or 
gathered in from the edges so as to leave 
a well-rai.sed portion untouched by the 


and back of tlic box. 


This wfls the method used 
for window boxes on a 
London business house, 
shown in Fig. 19. 

EMBOSSING 
Embossed Work. An 
interesting and useful 
type of ornamental work 
is that of embossing in 
milled sheet lead. Many 
intricate or. even simple 
but effective designs may 
be formed, and few tools 
are required for the 
purpose. A sketch of the 
pattern is usually suffi- 
cient guides, but a model 
of plaster or clay affords 
the worker a better 




Fig. 20 (left). Bottle-nosed 
dolphin embossed in 5 lb. sheet 
lead. Fig. 21 (above). Orna- 
mental embossed panels of 5 lb. 
lead, replicas of plaster casts. 
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bossing tools. In the next step much of 
the rough shaping can often be done with 
the mallet, and then by using blunt soft 
wood chase wedges. Where deep members 
are required the lead is best worked into 
the approximate position by forming 
gussets or folds and carefully driving them 
in with the face or side of the mallet. The 
finish is carried out with the soft wedges. 
If desired the outer edge of the lead can 
be formed into a moulding to make at 
complete panel after the ornamental 
design has been finished ; or the designs 
can be cut out and burnt on to other 
surfaces. In order to give an added effect 
to these embossed panels, letters or 
monograms may be form ‘d on the 
background by tinning. A coating 
of soil is applied, the letters marked 
out and cleaned with a shavehook, 
smeared with flux and a thin 
coating of pure tin floa1:ed over the 
surface. Tlie soil may afterwards 
be washed off. 

Curbs. Ornamental curb rolls 
and aprons are often used on a curb 
roof, and the rope pattern with 
bosses formed in the apron piece is 
a very effective design. The curt) 
roll is carved to the pattern required 
and the lead worked into the mem- 
bers with the aid of chase wedges. 

The bosses on the apron can be worked into 
a wood mould on the bench. These coverings 
need to be securely fixed — best done by 
using stout sheet copper tacks or tingles at 
frequent intervals along the roof (Fig. 22). 

Folding Plate. A number of photo- 
graphic illustrations of typical ornamental 
leadwork are printed on the Plate facing 
page 672 (Figs. 23-37). 

LEAKAGE FROM DRAINS. See 
Drains : (i) and (3). 

LIG HT A N D Al R. It haslongbeen recog- 
nized that new domestic buildings should 
have adequate open spaces in front of them 
as well as at the rear of them. Such pro- 
vision for lighting and ventilation, is re- 
garded as essential to public health. 

Outside the Metropolis. By-Laws 80 
to 93 of Series IV of the Model By-Laws 
issued by the Ministry of Health deal with 
space about buildings and the ventilation 
of buildings. In general, outside the 
Metropolis the open space in front of a 
domestic building is extended to at ‘ 
least 24 ft. throughout its frontage 
measured at right angles to the building 


to the boundary of any land or premises 
immediately opposite ; or, in the case of 
a building fronting a street, then to the 
opposite side of the street. 

The open space at the rear is to be 
150 ft. super, and the least distance from 
any projection of 1*e building at the rear 
to the boundary q| any land or premises 
immediately on thb rear must be : 

15 ft. if the height of the buildkig is not more 
than 25 ft. 

20 ft. if the height of the building is not more 
than 33 ft. 

25 ft. if the height of the building is not more 
than 50 ft. 

The open space required must extend 


throughout the entire width of the build- 
ing, and if the accommodation for human 
habitation is wholly above the ground 
floor, the open space required is to be 
measured at the level of the lowest floor 
on which the accommodation for human 
habitation is provided. 

A window (or windows) of every habit- 
able room must have a total area of not 
less than one-tenth of the floor area of the 
room, and an area equal to one-twentieth 
the area of that floor area must be made to 
open. Such windows must not open into a 
court enclosed on every side unless the dis- 
tance across the court — that is, the distance 
from the window to the oppositf wall oi 
the court — ^is equal to two-thirds the 
height as measured from the top of the 
window to the teveV of the eaves or tops 
of the parapet of the opposite wall. Nor 
must the window open into a court which 
is open on one side only if the length 
measured from the open side exceeds 
twice the width of the court, unless the 
window .opens to the court or the side 
opposite to the open end, or unless the 



LEADWORK : ORNAMENTAL. Fig. 22. Curb roll covering 
and apron piece, secured to roof with stout sheet copper tacks : 
A, roll covering ; B, moulding cover ; C, apron. 

For Figs. 23-57 see Plote f.p. 672. 
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distance across the court, measured as 
before, is equal to at least half the height 
measured as before described. 

Inside the Metropolis. By Sect. 9 
of the London Building Act, 1930, a street 
laid out for vehicular traffic must be at 
least 40 feet wide. WJien it is to be used 
for foot traffic only, it leed be only 20 feet 
wide. 

At the real of a domestic building there 
must be provided an open space exclu- 
sively belonging to such builHing of at 
least 150 sq. ft., extending throughout 
the entire width of the building and to a 
depth of at least 10 ft. from the building. 
(Sect. 44.) 

As to window area, provisions are made 
in the Act similar to those provided by 
the Model By-Laws (see p. 676). 

Lighting Under ractories Act, 
1937 . The Regulations made 1941. 
require that the general illumination of the 
working part of a factory shall be not less 
than 6 foot candles at 3 ft. from the floor ; 
reduced to 2 foot candles if the source of 
general ligliting must be fixed more than 
25 ft. from the floor. Illumination of 
passage ways must not be less than half 
a. foot candle. Local lights must be 
shaded to prevent glare, and reasonable 
precautions taken to prevent shadows 
causing eyestrain or risk of accident. 

Windows and skylights to be kept clean 
on both surfaces, unless whitewashed. 

Rights to Light and Air. No person 
has at common law a natural right of 
light to his land, but an easement of bot^* 
light and air can be obtained by expre.s5 
grant, by implication of law, or by pre- 
scription under the Prescription Act i%2. 

Foi* all practical purposes the case- 
ments of light and air arc similar. 

No one has a right to pollute the air 
which passes over his neighbours* land, 
unless he has acquired an easement to do 
so, and if he does so he is liable for a 
nuisance. 

A person may acquire an easement in 
respect ft) his building for the free passage 
of air to it from his neighbours* land. So 
also can he acquire g.n eai- ^nent for the 
continuance of light which has come to 
his windows. The amount of such light 
must be sufficient for the comfortable use 
and enjoyment of his building. If it is 
interfered with to such an extent to make 
his building uncomfortable, it is a nuisance. 
~W. r. Creswell, K.C., Hon,A,RJ.BA. 


LIGHTING FITTINGS : Electric. 

A well-planned lighting installation pro- 
vides an even illumination on the working 
plane of adequate intensity for the pur- 
pose required, with, in general, a complete 
absence of glare and with sufficient direc- 
tional effect to provide contrast (without 
which it would be impossible to a})pre- 
ciate the shapes of objects properly). It 
depends for its success partly on the 
choice of suitable lamp ratings and partly 
on the choice of fittings and their correct 
placing. 

Fittings may be divided roughly into 
three classes — industrial, domestic and 
architectural. There is no strict line of 
demarcation between these various classes, 
which overlap to a considerable extent. 
Industrial fittings comprise mainly those 
designed for purely utilitarian purposes, 
with the object of making the most efficient 
and economical ust? of the light available. 
The old conical type of shade is still seen 
in service. It was designed for the now 
obsolete carbon illament lamp and is 
quite unsuitable for the modern electric 
lamp. Not only is it most inefficient but 
it does not eliminate glare. The modern 
industrial counterpart is the R.L.M. 
reflector ; the dispersive type is now 
regarded as almost standard for factory 
lighting. It has a cut-off of 20 deg., in 
accordance with Home Office recommen- 
dations, and the reflecting surface is of 
vitreous enamel, which ensures freedom 
from glare. For even illumination, the 
spacing should not exceed li times the 
distance between the mounting height 
and the working plane. This type of 
reflector is available with ij-in. hole 
attachment to standard lamp holders by 
means of a shade carrier ring up to 150 
watts, and with a porcelain holder tapped 
for conductors up to 1,500 watts. 

In some fittings the lamp caps in 
ratings above 200 watts become so hot 
that the cap cement fails to hold for the 
full life of the lamp, sometimes with dis- 
astrous results. This danger can be 
a’^'^oded by choosing fittings specially 
designed to keep the temperature of the 
cap and cables within safe limits, such as 
the Coolicon ** made by the General 
Electric Company and the “ Saaflux ** 
fittings designed by Benjamin Electric, 

, Ltd. A further advantage of the latter 
type of fitting is that the reflector can be 
remflved complete without disturbing the 
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(1) grub screw ; (2) earthmg screw ; (3) bakelite 

terminal ; (4) contacts ; (5) stirrup ; (7) hook ; 

'8) catch ; (9) spring ; (10) locking screw : (11) 

supplementary reflector ; (12) lamp holder. 

(lienjamin Electric Ltd.) 

wiring. When a large area has to be 
illuminated it is more economical to use 
a few lamps of high wattage than a larger 
number of low-wattage lamps. 


:4 





Fig. 2. (Left). GlasstepI " 
white reflector with glass bowl 
in enamelled steel bowl ; (right) 
polar curve of illumination. 

(Benjamin Electric Ltd.) 



A less severe effect is provided by the 
“ glass-steel ” type of reflector, which has 
a diffusing glass bowl within an enamelled 
steel bowl. This t^-pe may be provided 
with apertures in the 


and elliptical-angle reflectors are available. 

Concentrating reflectors are available 
for high mounting ; in small wattages, 
these may also be used for local lighting 
by mounting close to the job. 

Shop-window lighting is an art in itvSelf : 
various special fittings are available, such 
as intensive and ' extensive window (or 
floodlights) and trfiugh reflectors, supple- 
mented by strip lights whCre necessary. 
Prismatic cut-glass reflectors to cover all 
of the above uses are 
available in the Holo- 
pliane range {see Fig. 3) . ^ 

In the domestic range, i 

for use in halls, bath- : 


rooms and kitchens, 
totally enclosed glass 
globes or cubes, either 
pendant or mounted 


pendant or mounted Fig. 4. Glass cube em- 

nush with the ceiling. 

take a lot of beating *"atlon. (Benjamin 

Llectric Ltd.) 


take a lot of beating *natlon. (Benjamin 
for a clean, neat job. 

The choice of fittings for living-rooms is 
largely a matter of individual taste and 
pocket, but it should be noted that many 
of the so-called ** modern fittings on the 
market are very inefficient and un- 
economical. — R. A. Baynton, A.M.I.E.E, 


LINEN CUPBOARD. A cupboard 
for the storing of clothes and provided 
with some means of keeping the air in 
the cupboard dry. The term is usually 
applied to comparatively small cupboards 
as distinct from large airing cupboards 
{which see). The linen cupboard must 
be provided with shelves formed from 
slats, providing spaces through which 
the air may circulate. It is necessary 
also that a certain amount of fresh air 


can gain access to the cupboard. The 
essential requisites are therefore a source 
of heat, means for air 


top of the reflector to 
relieve the contrast be- 
tween the lighting of the 
working plane and the 
ceiling. It is suitable 
for workshops, shops or 
offices. The spacing 
should not exceed ij 
times the mounting 
height above the work- 
ing plane. Where more 
light is required in one 
direction than in another 
(e.g. a narrow passage- 
way in stores) elliptical 



Fig. 3. Section of ** ^llterllte bowl, 
prismatic, cut glass, two piece reflector. 
(Holophane Ud^ 


to enter and leave, and 
provision for circulation. 
Where guaranteed re- 
sults or accurate results 
are necessary, the same 
principles should be 
fqllowed as for airing 
cupboards '{which see). 
Normally, a linen cup- 
board is dealt with by 
empirical methods. 

. Storage Vessel in 
Cupboard. For the 
usual small 'house it is 
probable that the linen 
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cupboard will be placed in 
or adjacent to the bath- 
room and almost vertically 
over the kitchen. 11 an 
independent boiler or back 
boiler is used for the hot- 
water supply systemf the 
most convenient position for 
the storage vessel, wlftthcr 
it be cylinder br tank, will be 
at the bottom of the linen 
cupboard (Fig. i). Here, if 
it is left uninsulated, more 
than sufficient warmth will 
be available for airing 
clothes. The part of the 
cupboard containing the 
storage vessel should have a 
door so that access may be 
gained to it : dust and dirt 
will collect, and the warm 
air convection currents will 
distribute this among the 
clothes. The storage vessel 
'’^^'^iild have such dimen- 



minimum surface being left 
bare to warm the cupboard. 
The necessary area may 
be calculated by assuming 
the same emission f(U' pipes 
which is given under Airing 
Cupboards. However, in the 
case of a small house it is 
sulficient to leave one or two 
sides of a tank bare, or the 
top third of a cylinder. The 
insulation should have a 
hard surface to protect it 
from knocks. 

The tank or cylinder should 
be stof)d on wooden bearers 
to ])reveiit condensation 
attacking its underside when 
the apiiaratus is not in use. 
If a manhole with cover is 
provijc'd it .should, of course, 
face the door. The linen 
cupboard forms a convenient 
concealment for the ex|)an- 
sion and cold-feed pipes 


sions, therefore, that it is 
possible to clean all round it. 
Where a comparatively 


Vinl^ipe 


LINEN CUPBOARD. Fig. 1. 
Copper hot water cylinder 
bottom of linen cupboard. 


Cold Feed 
Pipe H'tM 
Valve — 


Viooden Beaters 



How Ptpe to Fittings 


Fig. 2. Piping from tank or cylinder concealed in linen cupboa'-d 
and arranged to occupy little spare ; tank on wood bearer, 
having manhole i. .'ng door. 

expensive source of hcatf is used, little 
heat must be wasted. An uncovered 
cylinder or tank will give a tempera- 
ture in the cupboard much higher 


.RD Fig 1 ninning to the roof. They 
r cylinder' ’ should be sct ovcr to one 
fi cupboard^ comcr to form as little 
obstruction as possible. The 
supply to the fittings may b(^ taken from 
the expansion pipe, giving the neat 
arrangement .seen in Fig. 2. 

Separate Warming Arrangements. 
Where the compact arrangement de- 
scribed above is im])ossible it will probably 
be necessary to run a circulation to the 
fittings. This cannot be done without 
taking a flow jiipe into the roof (which 
is bad design), with cylinder and taps 
on the same level. In 
such cases, therefore, 
Bath Bui..n the cylindt‘r should not 

,,,.3 be fixed in the linen 

cupboard, and special 
}i r o V i s i o n should be 
made for warming the 

latter. This will also 

,bo.-.^d * apply to large houses 

r. ^ and larger buildings 

generally. 

The usual and best 
method is to provide a 
— - — N jiipe coil at the bottom 

of the cupboard, fed 


than necessary for its linen store. This • with hot water from the nearest circulation, 
is immal Tial when fuel costs are low, but A double-pipe coil of i j in. pipe for 
when gas* or electricity is used the cupboards of small depth, and 2-in. 
storage vessel should be insulated, a pipe those of large depth, will be 


679 



LINEN CUPBOARD 


quite adequate. It should be 
run round at least two and 
preferably three sides of the [ 
cupboard. If one side only can 
be used, or if the cupboard is 
deeper than its width, a threc- 
or four-pipe coil is preferable. 
Precautions regarding venting 
and control of the coil should 
be taken as described under 
Airing Cupboard (which see). 

The lowest shelf should be at 
least 9 in. above the top of the 
coil. When electricity is the 
heating medium, long circula- 
tions should be avoided as 
causing waste. Tubular h\ aters 
are then to be preferred, ar- 
ranged similarly to the pipe 
coils. Linen must not come in 
contact with heaters, and a free 
space must be allowed round 
them. If clothes are placed 
directly on them, so that heat 
radiation is prevented, they 
will overheat, probably burn out, and 
may even set the clothes on fire. 

Cupboards in Blocks of Flats. 
Here simpler methods of warming are 
often possible. Cupboards are often one 
over the other. Here a pair of risers may 
be run straight up through them and will 
provide sufficient heat. If the bathrooms 





rom Above 


T~ 

At Start irv^ 


ToBelotv J 



LINEN CUPBOARD. Fig. 3. Cupboards 
in block of flfats, warmed by single drop 
pipe : (left) pipe enters at top of one 
cupboard, crosses at skirting level, and 
drops through to next cupboard (see 
text) ; (above) plan of one cupboard, 
showing pipe across cupboard at skirting 
level. 

adjoin the cupboards the risers 
should be on the side remote from 
the bathrooms. The pipes run- 
ning into these rooms should be 
at skirting level in the cupboards, 
so providing additional heat. If 
the drop system is used, a drop 
pipe may be taken in at one 
Side of the top cupboard, cross at skirting 
level and drop through to the next 
cupboard. Here it should be taken 
down to the skirting, cross again to -its 
original side and so down to the next 
cupboard (Fig. 3.) The arrangement is 
economical, but the heat cannot be con- 
trolled. — L. C. C. Rayner, A.I.E.C, 


LOCAL AUTHORITIES : POWERS OF SANITARY 
ADMINISTRATION 

By W. T. Creswelb K.C., Vice-Pres., R.San.l. 

Here the position of the various Authorities is explained as regards Sanitary 
Administration, both inside the Metropolis and outside. A summary is given of 
the principal sections of the Public Health Act, 1936, which concern sanitary 
matters and water supply. See also Entry, Powers of ; London County Council 
By-Laws ; Model By-Laws ; and other articles referred to In text. 


Powers to carry out sanitary ad- 
ministration outside London in connexion 
with various Acts of Parliament is given 
to county councils, county borough 
councils and county district councils — 
that is, non-county borough councils and 
urban and rural district councils. Similar 
powers are also given to port health 
authorities. As far as London is concerned, 
powers are given to the Common Council 
of the City of LondSn, the London • 
County Council and metropolitan borough 
councils. In London, most of the sanitary 
law is contained in the Public Health 


(London) Act, 1936 (see details below) 
and London County Council General 
Powers Acts though, as is pointed out 
elsewhere (see Drains and Drainage : i). 
Drainage By-Laws as regards London 
have been made under the Metropolis 
Management Att of 1855'and‘the amend- 
ing Act of 1899. 

A WITHOUT THE METROPOLIS 

Sanitary law is in the main contained in 
the Public Health Act of 1936, Section i 
of which defines the sanitary ‘authorities 
for the purposes of that Act. The Act also 
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gives power to the Minister of Local 
Government and Planning to constitute 
a Port Health Authority or Joint Boards 
to carry out certain sanitary duties, the 
powers of these authorities being laid down 
by the Act. {See Public Health Acts.) 

Local authorities for the purpose of 
the Act of 1936 are those mentioned 
in the beginning of ^his article, and 
hence become* sanitary authorities under 
the Act. The following enactments also 
contain sanitary provisions and also 
provide for their enforcement by the 
authorities named in the Act : 

Factories Act, 1937. Under this 
Act, councils of county boroughs, 
boroughs and urban and rural district 
councils are the authorities for the carrying 
out of certain of the provisions of the 
Act relating to workshops, factories and 
workplaces (including offices). (For the 
contents of the Act, see Factories Act.) 

Housing Act, 1936. County councils, 
councils of county boroughs, boroughs 
''nH urban and rural district council^ 
are the local authorities for sanitary 
administration under this Act. (See 
Housing Acts.) 

Shops Acts, 1912-1936. The enforce- 
ment of the sanitary provisions of the 
Shops Act, 1934, relating to sanitary 
conveniences is the Sanitary Authority,*' 
defined by Section 15 of the Act as the 
council of a county borough or county 
district and, as respects London, the 
enforcement of these provisions is in 
the hands of the sanitary authorities 
under the Public Health (London) Act, 
1936. {See Shops Acts.) 

Rivei^i Pollution Prevention Acts, 
1876 and 1893. Local authorities, as 
sanitary authorities, are responsible for 
the enforcement of provisions of this Act. 

Public Health (Drainage of Trade 
Premises) Act, 1937. Gives local au- 
thorities some control over the passing 
of trade effluent into sewers. 

GeneraHy. The Ministry of Local 
Government and Planning is empowered to 
carry out and co-ordinate g» .leral meas- 
ures conducive to th*e health of the 
people ; and hence it functions in close 
collaboration with sanitary authorities, 
both the Minister and the authorities 
themselves obtaining their authority from 
various Statutes This close connexion 
is illustrated* particularly by the powers 
given to the Ministry to confirm by-laws 


made by an authority under a particular 
Act, as well as by the formulating of 
Model By-Laws dealing with a particular 
subject. Furthermore, by Section 318, 
the Minister is empowered to cause local 
inquiries to be held where differences 
arise in the administration of matters, 
sanitary and otherwise, and to take action 
in cases of default by local authorities 
in regard to their statutory duties. It 
may also be provided that appeals can 
be made to the Minister where action is 
to be taken by a local authority, or where 
disputes arise between an authority and 
persons concerned. Thus, under the Pub- 
lic Health Act, 1936, appeals can be made 
to the Minister as regards sanitary 
matters. 

Public Health Act, 1936 {Outside 
the Metropolis). The principal powers of 
local authorities as regards sanitary 
administration under this Act are as 
follows (numbers refer to Sections) : 

17. Adoption of sewer or drain, or sewage 
disposal works, at a future date, 

19. Kcquirc proposed sewer or drain to be so 
constructed as to form part of general system. 

22. Alteration and closing of public sewers. 

24. Rccin^ery of cost of maintaining certain 
lengths of public sewers. 

29. Land held for treating sewage : manage- 
ment of, or leasing. 

42. Alteration of drainage system of promises. 

43. Rejection of plans of new buildings without 
sufficitmt and satisfactory closet accommodatif)n. 

44. Provision of closet accommodation where 
existing is insufficient and un.satisfactory. 

45. Compulsion of owner to repair defective 
closets. 

47. Replacement of earth closets, etc., by 
vater closets at joint expense of owner and 

local authority. 

48. Examination and testing of drains believed 
to be defective. 

Oi. By-laws as to buildings and sanitation. 
(See Model By-Laws.) 

63. Relaxing of recjiiiremcnts of by-laws, with 
consent of the Mini.ster. 

65. Removal or alteration of work no^ in con- 
formity with by-laws, etc. 

67. Reference of questions arising under 
building by-laws to the Minister. 

74. Clqansing of ce.sspools on behalf of owner 
or occupier. 

87 Provision of public conveniences. 

88 . Control over conveniences in, or accessible 
from, streets. 

89. Provision of sanitary conveniences at 
inns, refreshment-houses, etc. 

Water Supply 

112. Power to supply water for non-domcstic 
purposes, arising out of their duty in respect 
to water supplies in their district. 

1 14. Supply of water in bulk to adjoining 

authority. 

ti 6. General powers of supply. 
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125. Utilizing of wells, springs or streams by 
parish council. 

1 38. Sufficient water supply to occupied houses. 

140. Closing, or restricting use of water from, 
polluted source of supply. 

260. Power of parish council or local authority 
with regard to ponds and ditches. 

Water Act, 1945. Section 17. By-laws 
for the prevention of waste, undue consump- 
tion, misuse or contamination of water. 
{See Model By-laws, Series XXI). 

General Provisions as to Powers of 
Local Authorities. By Section 272 
of the Act of 1936, any two or more 
councils may, by agreement, combine 
for the purposes of any of their 
functions under the Act and, by Section 
275, can execute certam drainage etc. 
works on Vjehalf of the owners or 
occupiers. 

Sanitary Inspection. The appoint- 
ment of sanitary inspectors of boroughs, 
urban and rural district councils to 
discharge the duties of local authorities 
under the Act is provided for under 
Sections 106 and 107 of the Local 
Government Act, 1933. 


fi. WITHIN THE METROPOUS 

Sanitary authorities in London, are the 
Common Council of the City of London, 
the London County Council, and metro- 
politan borough councils, and, under the 
Public Health (London) Act, 1936, Section 
9, every sanitary a^ithority must appoint 
an adequate number of sanitary inspectors. 

The principal duties of sanitary authori- 
ties under the Public HeaHh (London) 
Act, 1936, are (nos. refer to Sections) : 

15. Power of County Council to take over 
sewers not vested in them. 

18. Alteration or discontinuance of sewers by 
borough councils. 

27. Approval of new sewers by County Council. 

33. Directions to borough councils in regard 
to sewerage. 

38. Borough council to compel owner to con- 
struct drains into sewer. 

44. Construction or alteration of drains by 
agreement with borough council. 

46. Supervision by County Council of sewers 
made by b(^rough councils (for connexions, see 
Sections 47, 48, 49). 

107. Making of by-laws as to sanitary con- 
veniences. London County Council By-laws.) 

LONDON BUILDINGS ACTS. See 

Acts and By-laws. 


LONDON COUNTY COUNCIL BY-LAWS: SANITATION 

By W. T. Creswell, K.C.. Vice-Pres.R.San.l. 

In various articles throughout this work the By-law requirements are noted in 
respect of the particular subject under discussion, but here a complete review 
in brief is given of the LC.C. By-laws which concern the Plumber and Sanitary 
Engineer. See a/so Drains : (2) ; Flats ; Traps ; Water Closet. 


Drainage By-laws have been made under 
Section 202, Metropolis Management Act, 
1855, and the Metropolis Management 
Acts Amendment (By-Laws) Act, 1899. 

Subsoil Drains. A sub.soil drain — 
that is, a drain used solely for conveying 
to a sewer water that may percolate 
through the subsoil — must not be con- 
nected directly with a sewage drain, or 
sewer, or a surface water drain, without 
a suital:)le trap. The trap must have near 
it a ventilated opening communicating 
directly with the open air. 

The subsoil drain must di.schar^e into 
the trap and be formed of earthenware, 
field or other suitable pipes laid to an 
adequate fall (By-laws i and 2). (See 
Drains: (2) for details of construction 
of traps, etc.) 

Surface Water Drains. These drains 
arc those which convey to a sewer rain-, 
water from roofs or from ground surfaces, 
whether paved or unpaved. They do not 


include rainwater pipes, and they are 
not necessarily required to be of 4 in. 
diameter. But when such a drain is 
intercepted from a. sewage drain or sewer 
by a suitable trap communicating directly 
with the open air, and with ad:)quate 
means of access, then, if the inlet to such 
drain is not less than 10 ft. distant from 
any building, the inlet may be an un- 
trapped gully made so as effectively to 
catch sand or other detritus, and covered 
with a grating, the bars of which are not 
to be more than | in. apart. When 
such drain receives only rainwater from 
roofs its inlet may be by a rainwater 
shoe or an untragped gully, as before 
described (By-laws i and 3). (See Drains : 
(2) for details of construction, materials, 
etc.) 

Rainwater Pipes. These are pipes 
or drains situated wholly above ground, 
and used, or constructed to be used, 
solely fbr carrying off rainwater directly 
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from roof surfaces. They must discharge 
directly, or by means of the channel, 
into or over an inlet to a surface water 
drain, or to the sewage drain. A sewage 
drain is a drain used or constructed to be 
used for conveying solid or liquid waste 
matters to the sewer. When the inlet to a 
drain is a properly trapped gully, or other 
suitable trap, the pipe t)r channel above 
referred to muSt discharge above the level 
of the water in such gully or trap. 

A rainwater pipe is not to discharge 
into or connect with any soil pipe or soil 
ventilating pipe (By-laws i and 4). 

Sewage Drains. A sewage drain can 
be constructed of cast-iron, glazed stone- 
ware or other suitable material. If 
the pipes, traps and littings are of cast- 
iron, they must be protected against 
corrosion both inside and outside, as by a 
coating of Dr. Angus Smith’s solution or 
the like. Their thickness, traps and 
fittings, weight of pipes and depths of 
sockets and caulking s[)ace must comply 
Table No. i of the schedule of the, 
by-laws (see Table 11 , Drain Pipes : (2) 
Cast Iron), If they are constructed of 
stoneware, tliey must be of first cjuality, 
projierly glazed, and the*ir thickness, etc., 
musi comply with Table No. 2 of the 
schedule (see Table I, Drain Pij^es : (i) 
Stoneware) . 

Every drain must l)c of a suitable size 
and at least 4 in. in diameter, laid with a 
suitable fall and, if possible, in a direct 
line. The joints of cast-iron socketed pij^s 
are to be made with a gasket ui hemp or 
yarn and m(‘tallic lead, pro])erly caulked. 
Cast-iron Hanged pipes arc to be securely 
bolted together witli some suitable in- 
sertion. Stoneware pipes, or pipes of 
material other than metal, are to be jointed 
with socket joints, with a gasket of hemp 
or yarn and cement, or the like. 

Stoneware drain ])ipes arc to be laid 
in a bed of concrete 6 in. thick, projecting 
each side of the drain not less than 6 in. 
Concrete i«f to be filled in the full width of 
the bed and haunched up to not less than 
half the diameter of the^pipe. If the drain 
is constructed* of cast-iron pipes above the 
ground, each joint of it may be carried 
on adequate piers or other supports. 

Brandi drains must join another drain 
obliquely in the direction of its flow. 
If a drain is laid under a building, it must 
be laid in a- direct line, if possible, and 
with means of access to it. When made of 


stoneware pipes, it must not only be laid 
on the bed previously described but must 
be encased in concrete at least 6 in. thick. 
If of cast-iron pipes, it must be laid on a 
similar bed of concrete and filled in and 
haunched up with concrete only. A drain 
laid beneath a wall mu.st have a relieving 
arch or other support to the wall over. 

There mu.st not be any inlet to a drain 
within a building, except one to a soil 
fUment, or a waste water fitment con- 
nected directly to such drains. All inlets 
to drains are to be trap]K*d, and all 
trapped gullies arc to have gratings. 

If an intercepting trap is provided (the 
provision of which a Sanitary Authority 
can enforce) it must be placed as near as 
practicable to its connexion with the 
sewer, and provided with a manhole (that 
is, a disconnecting manhole) or other means 
of access. Tlu* W'a4‘r .seal in the trap is 
to be 2 in. deep, and the traj) is to be 
fitted with a raking or clearing arm, fitted 
with a secure stopper. 

A drain is to be watertight and capable 
of resisting a pre^ssure of 5 ft. head of 
water. If an intercepting trap is provided 
to it, thrill it must have at least two 
ventilating pipes. When there is no 
intercepting trap, only one ventilating 
pipe need be provided. The vent ilating pipe 
is to be at least 3 in. in diameter, and 
.soil and waste pipes and ventilating pipes 
may be used as drain ventilating pipes. 
Every ventilating pipe must have a 
grating at its open end (By-law 5). 

Soil pipes and soil ventilating jnjx's 
. lay be of lead, co])per, cast-iron, wrought 
iron or the like : they must not be 
connected with any rainwater pijie, or 
with any waste pijie, or waste ventilating 
pi|)e, unless it be constructed in accord- 
ance with the by-laws. There can lie 
no traps in these pipes and they must be 
watertight and resist a pressure of 5 ft. 
head of water. Provision is made in the 
by-laws for the metliod of jointing the 
various •kinds of soil pipes, traps, etc., 
with drains (By-laws 6 and 7). 

Slop Sinks and Urinals. A .slo]) sink 
is a sink constructed or adapted to be 
used for receiving solid or liquid excre- 
mental matter ; and a slop fitment is a 
water closet, slop sink, or a urinal. 

. A slop sink is to be of glazed earthen- 
ware, enamelled fireclay or the like 
material with a flushing rim, water supply, 
and apparatus for flushing both the sink 
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and trap and waste pipe therefrom. 
They must be trapped immediately 
beneath and be provided with means of 
inspection and clearing. 

When two or more urinal basins or stalls 
are fixed in a range, .the waste pipes may 
discharge without a trap, into a channel 
beneath, fixed in or on the floor, the 
channel itself discharging into a suitable 
trap (By-law 8). 

Generally traps must be ventilated by 
a trap ventilating pipe taken into the open 
air (By-law 9). A waste water pipe 
must have an internal diameter of at 
least ij in., and must be constructed of 
lead, copper, cast-iron, wrought iron, 
glazed stoneware or othe* suitable material. 
Also it must be trapped. (By-law 10.) 
No pipe, trap, apparatus, etc. can be 
marked “ L.C.C. ” or ** London County 
Council " unless it conforms to the by- 
laws. (By-law II.) 

The owner of a house or building must 
maintain in a proper state all drainage 
work, and no alteration or repair can be 
made unless it complies with the by-laws. 
(By-laws 12 and 13). Plans, sections and 
block plans and notices of drainage work 
must be deposited with the* sanitary 
authority concerned seven days before 
beginning the work. (By-law 14.) 

Water closets, Urinals, etc. By- 
laws made by the L.C.C, in 1930 require 
that one side of a water closet shall be an 
external wall, and if the surface of its 
floor is at, or aboVe or not more than 5 ft. 
below the ground level, such external wall 
must abut immediately upon (i) a street, 
the surface of which must not be more than 
5 ft. above the level of its floor ; or (2) an 
open space dedicated to the public or 
permanently secured to the building, and 
having a surface area of at least 100 sq. 
ft., at a level not exceeding 5 ft. above 
the floor of the water closet. The 
minimum width of the area is to be 3 ft. 
if enclosed on two sides, and 7 ft. if 
enclosed on every side. 

When the surface of the floor* is more 
than 5 ft. below the ground level, the 
external wall must abut upon an area or 
open space not covered in otherwise 
than by a suitable grating, and at least 
40 ft. square and 5 ft. wide. If such 
space is for lighting and ventilating the 
water closet only, it must be at least 
5 ft. by 5 ft. measured horizontally. The 
area or space last referred to must abut 


upon, and its surface is not to be more 
than 12 feet below, a street, or forecourt 
immediately adjoining a street, or an open 
space as referred to in (2) above. 

If the water closet does not exceed 
20 ft. in height, or the height of the storey 
in which it is situated, it may be so 
situated as not to have any external waU 
at all, that is t6 say, if a street or an 
open space, as previously ^^eferred to. is 
available at the level of, and abutting on, 
the roof of the water closet ; and again, 
the water closet may be so situated that 
none of its sides is an external wall, and 
without any such open space, if means 
of artificial lighting and a system of 
mechanical ventilation are provided to it. 

A water closet must not be situated 
within, or entered from any room used 
for human habitation, or as a scullery, 
schoolroom, office, factory, workshop, 
workplace, or for the manufacture, pre- 
paration, storage, or sale of food or drink 
for man, or as a public room, except 
through the external air or an intervening 
Entrance lobby. But a water closet 
used exclusively with a bedroom or 
dressing room may be entered directly 
from such room. 

Lighting and Ventilating. If a water- 
closet contains a single soil pan or basin, 
and an external wall is provided to it, 
it need only have a window in tlie ex- 
ternal wall 2 square ft. (exclusive of its 
frame) half of which must open. In 
addition an air-brlck, air-shatt, or other 
means of constant ventilation must be 
provided. 

If such water closet has two or more 
soil pans or basins, then the window or 
windows in the external wall rfiust be 
equal to one-fifth the floor space, and 
one or more air-bricks, air-shafts, or other 
suitable means of constant ventilation 
must be provided, having a total un- 
obstructed sectional area of not less than 
20 sq. in. per soil pan or basin. ^ 

If the water closet has no externa) wall, 
but is provided with the open space 
already referred to, then it must have a 
glazed lantern light or skylight, of an 
area of not Ibss than one-fifth the floor, 
space and having in it louvred or other 
suitable openings equal to one-tenth of 
the floor space. The air shafts must 
be provided as before described. If the 
water closet is under a public footway, 
pavenient lights may be used'and suitable 
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inlet and outlet air-shafts must then be 
provided, the outlet shaft being fitted 
with a suitable exhaust fan. 

If the water closet has no external wall, 
and no open space, it must have mechani- 
cal ventilation separate from any system 
of ventilation installed ^r any other pur- 
pose ; with a sufficient number of fresh air 
inlets, and a fan and motpr or other mech- 
anical means (gi duplicate) capable of ex- 
tracting air from the water closet at a 
minimum rate of 750 cu. ft. per hour 
per soil pan or basin. The aerial content 
must be changed three times per hour. 

Soil Pan or Basin. This must be 
constructed of glazed earthenware, enam- 
elled fireclay, or other equally suitable 
material, fitted with a flushing rim and of 
such shape, capacity and made of such 
construction as to receive and contain 
sufficient water to cover filth deposited in 
it, and to allow such filth falling free of its 
sides and directly into the water in the pan 
or basin. Its trap must have a proper 
water seal and be of lead, copper, cast-iron, 
glazed earthenware, enamelled fireclay oi* 
the like ; with an exposed and accessible 
outgo or outlet for connecting to a soil- 
pipe or drain. The trap must be fixed 
immediately beneath the soil pan or basin, 
which must be furnished wich suitable 
scat rims or insets, or a hinged seat. 

Flushing Cistern and Apparatus. This 
must be separate and distinct from any 
cistern used for drinking water, and must 
give a discharge or flush of not less than 2 
gallons of water. There munt rot be any 
direct communication between any water 
service pipe and any part of a soil pan or 
basin. The number of water closet''^ 
required in a building is one to every twelve 
inmates. All alterations or repairs made 
to a water closet must comply with the 
by-laws. 

Urinals. For all practical purposes a 
urinal is regarded as a water closet ; there- 
fore its situation, entrance lobby, con- 
struction, Jighting and ventilation follow 
that for water closets already described.^ 
The fan and motor or othi mechanical 
means of extracting air from the urinal 
must extract it at a minimum rate of 
750 cu. ft. per hour per urinal basin, 
or each width or length not exceeding 
2 ft. 3 in. of stall or trough respectively ; 
and the aerial contents of the urinal must 
be changed fit least three times per hour. 
A urin^ must have a basin, stall or 


trough of glazed stoneware, glazed earthen- 
ware, enamelled fireclay or the like, and of 
such shape as to ensure cleanliness. It 
must have a suitable flushing cistern, 
separate and distinct from any cistern 
used for drinking water, with a flushing 
capacity of at least *i gallon of water for 
each connected basin, or each width 01 
length not exceeding 2 ft. 3 in. of stall oi 
trough respectively. This flush must dis- 
charge once in a period not exceeding 25 
minutes, and the flu.shing cistern must be 
automatic and connected to the urinal 
basin with a flush pipe of at least 1 in. 
internal diameter fitted with a suitable 
spreader or sparge pipe, so as to distribute 
the water over the int(‘inal surface of 
every basin, stall or trough. 

There must be no direct connexion be- 
tween any water service pipt^ upon the 
premises and any part of a urinal basin, 
stall or trough. Ai*l alterations, repairs 
of any wattu closets, etc. must be done in 
conformity with the by-laws. 

Regulations for Places of Public 
Entertainment. These were made by the 
London County Council in 1939 with 
respect to requinmients for the protection 
from fire 8f places of public (‘ntertainment 
within the Administrative County of 
London, but regulation No. 38 d(.‘als with 
sanitary provisions, and a scale on which 
watcrcioset and urinal accommodation 
is to be provided is given. 

Water Closets. Males, one for 200, 2 
between 200-500, 3 for 500-1,000, and an 
idditional one for every 500 (or part) over 
.,000. Females, i for 100, 2 between 
100-250, 3 for 250-500, and an additional 
one for every 400 (or part) over 500. 

Urinals for Theatres and Music Halls : 
one for each 50 males. For dance halls, 
restaurants, etc. : one for each 100 males. 
The Council may also require separate 
accommodation for the staff, performers 
and orchestra. Urinal stalls must be 
automatically flushed, constructed in 
accordance w^ith the by-laws, .sloped to 
a chain, and must not, except where 
unavoidable, be approached from the 
auditorium or from spaces where the 
public are awaiting admission. 

Notice of Work. 24 hours’ notice in 
writing is required by the sanitary auth- 
ority concerned, of any work to be done 
falling within these bv-laws. (By-law 9.) 

LClOP VENTING. The term " Loop 
Venting ” finds no place in English legis- 
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lation governing plumbing or drainage 
work, but is recognized in the trade to 
mean that a loop or circuit is formed by a 
branch waste and vent pipe from the 
main soil or waste pipe to the main 
ventilation pipe, into^ which the trapped 
wastes, together with the ventilation 
pipes from tiie various sanitary fitments 
are connected, as shown in the diagram. 

The particular arrangement of loop or 
circuit ventilation became popular witji 
the advent of the " One-pipe ” system of 
plumbing, which provides for the reception 
of discharges of bathroom fitments (i.e. 


bath, lavatory basin and bidet), and 
possibly an adjacent kitchen sink or bed- 
room lavatory basin, into the one loop or 
circuit. It is good practice to install 
vertical pipes within the loop and connect 
trap and waste from fitment to such pipe, 
providing the crown of trap is not nearer 
than 3 in. and more than 12 in. from 
point of connexion, which is a by-law 
requirement. The lower part of the 
vertical pipe forms the waste, while the 
upper portion, which joins the loop, 
provides ventilation. The connexion of 
trap-vent or anti-siphon pipes to the 
main vent stack should be at a point well 
above the top of the highest fitting con- 
nected to the stack. 

Invariably the closet fitment is con- 
nected direct to the vertical combined soil 
and waste pipe ; but it can. If desired, be 
connected to the loop, which necessitates 
a larger size pipe up to its point of con- 
nexion than is necessary when installing 
a loop to take only washing fitments. 

The system of loop or circuit ventila- 
tion is now generally adopted in tbg 
sanitary construction of residential flats, 
seeing that the sanitary fitments are 
situated above each other on succeeding 


floors, and one loop will serve as waste and 
vent pipe for each group of fitments on 
each floor. (See Flats ; One-Pipe System.) 

American Practice. The term Cir- 
cuit and Loop Vents ” as applied to 
plumbing work is used, from a legal 
standpoint, in the Plumbing Code recom- 
mended by the Committee set up by the 
U.S. Department* of Commerce and prac- 
tised in America. Sectic^ 106 of the 
Code states that : 

“ A circuit or loop vent will be permitted as 
follows : A branch soil or waste pipe to which 
two, and not more than eight, water-closets, 
pedesttal urinals, trap 
standard slop sinks or 
shower stalls are connected 
in the series, may be vented 
by a circuit or loop v^ent, 
which shall be taken off in 
front of the la.st fixture 
connexion. Where fixtures 
discharge above such 
branch, each branch shall 
be provided with a relief 
one- half the diameter of 
the soil or waste stack, 
taken off in front of the 
first fixture connexion." 

It will be noted 
that a number of fit- 
ments, not exceeding 
eight, can be connected to a branch waste 
pipe which continues upwards independent- 
ly, or forms a loop with the main ventilating 
pipe, without installing a separate vent pipe 
to the trap of each fitment, 'fliis arrange- 
ment is not permissible under English 
regulations, particularly as further con- 
cessions are granted such as that the trap 
can be 5 feet away from the vent (Section 
loi), and the 2-in. permissible trap seal is 
allowed to lose not more than i^in. due 
to si plumage influences. — F, C. Cook, 
M.R.San.I. 

LOW PRESSURE SYSTEM (Acety- 
lene). See Acetylene. 

LOW TEMPERATURE HEATING. 

See Radiant Heating. 

M alleable iron, a form of 

white iron which after casting is 
rendered ductile by an annealing 
process. See .Iron'. 

MANDREL. A cylindrical piece of 
timber used for trueing up the bore of 
large diameter lead waste and soil pipes. 
Mandrels may be obtained in diameters 
from one inch upwards, and the length 
varies from 12 in. on the driving mandrel to 
30 in. or 36 in. on the bending mandrel. 


Sot/ pipe 
Loop or Circut/- 

r' 


Loop or Circuit vent 

- l/enhi. •> "ton pipe 



. Bath 

nir 
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^Bidet 

■/j or2‘ 

LOOP VENTING. Loop or circuit vent serving 
soil pipe, two closets, bide^. lavatory basin, bath 
and sink. Size of main stack is governed by the 
number of fitments served ; the sizes of the 
waste and vent pipes shown are minima*. 
Note directional bend where waste pipes join 
# verticals. 
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They may be obtained in different types 
of timber, depending on the price paid, the 
best being of Turkey boxwood or beech. 

The short driving mandrel ma\' be em- 
ployed in a similar manner to the bobbin, 
for taking kinks and distortions out of the 
pipe. The bending mandrel is placed in 
the ends of short lengths of pipe to give 
added leverage for the pull round” to 
form the bend*; or is pushed in the bore 
of the pipe to enable it to be dressed back 
to shape after it has become fl; it toned by 
working with the dummy. A useful tip 
is to grease the mandrel well when new, 
and periodically afterwards ; this will make 
it easier to push in or withdraw from pipe. 

MANHOLE : Brick or Concrete. 
Manholes or inspection chambers are con- 
structed on drainage systems to provide 
nuians of access for inspection and testing 
and for clearing in case of stoj)page or 
obstruction. A manhole should be pro- 
vided at the point of interception, or 
disconnexion, between the drain and the 
‘^■''ver, and also at the principal junctiorjp 
of branch drains, and at changes of 
direction in the line of drain. 

The size of a manhole depends on its 
depth, size of the main drain and number 
of branches that enter it, taking into 
consideration in all instances that it is a 
means of access, and that a man may have 
to enter and work in it, apart from the 
manipulation of drain rods. Suitable 
sizes for shallow manholes roddable and 
accessible from ground level are froiii 
i' 6" X 2 ' o" to i' 9" X 2' 3". h'or dee] 
manholes, from 2' o" x 3' o". Turning 
manholes, or manholes in which a change 
of direction in the line of the drain takes 
])lace, may be consiructed from t8" x 18", 
according to depth and circumstances. 

Deep manholes (say 6' o'" and over), of 
extended length on account of the number 
of branch drains entering, may be reduced 
in size a1 a suitable working height (say 
5' o" from the channels) by turning over 
an arch, and be carried up therefrom at a 
size of 2' o" X 2' o'", or b'' x 2' o\ 
They should have an in .i ladder, or 
galvanized step irons at 12" centres. 

A brick-built manhole should be on a 
6-in. concrete base projecting not less 
than 3 in. outside the walls. Provide 
proper footings to the walls, and construct 
brickwcik in cement mortar. For man- 
holes not ■ in glazed brickwork, inner 
surfaces should be rendered with cement 


and sand so as to be watertight. Man- 
holes constructed for access to a cast-iron 
inspection chamber, or with any other 
type of bolt(‘d cover at channel level, 
need not be constructed so as to be water- 
tight above the boltt'd cover. 

Channels. A half-section glazed main 
channel is fixed in the base of, and for the 
whole length of, the manhole, and con- 
nected to the drain at each end. Bcnch- 
iiigs of fine concrete should be formed, and 



MANHOL^: BRICK OR CONCRETE. Fig. 1 (left). 
Section though deep brick manhole. Fig. 2 (right). 
Section through “Aqu.Ttite ” pre-ca.st concrete 
manhole. (Sfiurft, jitnes & Co., Lid.) 

benched up from the edge, of the channel 
to the si(les of the manholes. Branch 
drains .should be conn(‘cted to manholes 
by means of three-(]uarter section channi‘l.s, 
bedded in fine concrete and connected to 
the main channel so that the discharge 
from the branch drain is in the direction 
of flow. Concrete benchings should be 
continued up from the branch channels in 
the same manner as for main channels. 

Cover. The manhole should be })ro- 
vided at ground level >\ith a suitable cast- 
iron cover having a dt*ep grease seal, and of 
a type compatible with the class of 
traflic that is likely to pass over it. {See 
Manhole : Cast Iron.) For .special sur- 
faces at ground level, a reces.se(l cover can 
be u.sed, and be filled in with the same 
ir, iterial as the floor construction. 

Access Chambers. Except tor the 
omission of glazed channels, brick oi 
concrete manholes for access to cast-iron 
inspection chambers on a line of cast-iron 
drain should be constructed in the same 
^manner as described above, the brickwork 
being pointed instead of being rendered. — 
W. Woolgar, M.R.San.l. See Inspection 
Chamber ; Intercepting Chamber. 
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MANHOLE : CAST-IRON. Sections through cast-iron man- 
hole showing flanged top, inspection chamber with cover inside 
manhole, and positions of branches. 

Hum Bros., Ltd. 


manhole may taper so that the 
manhole cover may be of reason- 
able size (say 2' X i' 6 ^" or 2' X 2'). 
Cast-iron manholes have been 
made as deep as 9 ft., in 3 or 4 
sections and with step irons bolted 
to the body to facilitate ingress 
and egress. 

Interceptors. ^ interceptor 
may be applied to the manhole 
by means of a bottom outlet to 
the inspection chamber, to which 
a trap and flanged clearing arm 
are fixed. The latter is brought 
to the body of the manhole, to 
which it is bolted. Access is 


MANHOLE : Cast-Iron. Where it is 
essential that access to a suspended drain 
be given from the floor over, a cast-iron 
manhole (see above diagram) is used, the 
size approximating to that of a brick 
manhole which would be built around a 
similar inspection chamber at a like depth. 

On Suspended Drains. The top of 

the cast-iron manhole is flanged to 
receive an ordinary surface cover frame, 
the bottom of the manhole beigg similar 
to a standard cast-iron inspection cham- 
ber, on the cover flange of which rests the 
manhole base flange. The inspection 
chamber cover rests upon the base' flange 
and is within the manhole. 


obtained from within by removing the 
bolted blank flange. 

Where for suspended drains access 
must be given at the floor over, it is 
frequently found more desirable to con- 
struct a light reinforced concrete manhole 
with the standard inspection chamber in 
the bottom and a selected manhole cover 
and frame at the top. 

Manholes in the Ground. Cast-iron 
manholes may be used in the ground as 
well as for suspended drains, particularly 
where brickwork or concrete construction 
is difficult because of water-logged or 
moving soils. Generally, however, the 
use of cast-iron manholes should be 


The whole is bolted together with |-in. 
manganese bronze bolts and gunmetal 
nuts, greased felt washers being used 
between the flanges as for inspection 
chambers. 

The body of the manhole is usually of 
J-in. metal, which is found to be strong 
enough for shallow manholes ; deep 
manholes require a greater thickness. 


avoided. They are very costly, and when 
of large size extremely difficult to handle ; 
the greatest possible care must be taken 
when ordering, as the manholes are good 
for one position only. Though considered 
indispensable by some authorities for 
certain conditions, the cast-iron manhole 
is not generally desirable, and other means 
should be examined before its use is 


which depends upon 
size and position. The 
flanges are usually 
machined, as extreme 
accuracy is essential. 

The body of the man- 
hole must be large 



MANHOLE COVER. Fig. 1. Stamfora cover 
and frame, fixed outside seal. 


decided upon. 

MANHOLE 
COVER. Cast-iron 
covers are fixed at the 
surface level, to allow 
passage of tr a f f i c . 
There are many pat- 


enough to afford easy 
acccsSi since it may be 
necessary for a man to 
enter. If the manhole is 
of considerable depth the / , 
body is made in sections, // 
each being flanged and 
bolted to the lower mem- Fig. 2. 

Thfc o\ a Afee-v 



Ordif ary pattern cover and frame 
hand«holei for lifting. 

Butn Btoi., Ltd 


terns, for paved areas, 
for roadways, and for use 
within buildings. (See 
B.S. 497 : 1945, for com- 
prehensive range of covers 
and fittings.) They are 
all made with a frame 
embedded around the 
opening and a cover 
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MANHOLE COVER. Fig. 3. ** Friary recessed 
cover and frame : seal 1 in.f overall depth in. ; 
cover recessed in. 

having a projecting lip 
on the underside is fitted 
into it. The projecting 
lip of the cover, in con- 
junction with the trough 
of the frame, forms a 
seal, and the space be- 
tween them should be 
filled with manhole 
grease. A typical man- 
hole cover and frame which may be used 
anywhere is shown by Fig. i. 

This type of cover can be fitted with 
brass corner screws, a pad to receive them 
being cast outside the seal. Such manhole 
covers are obtainable in about 24 sizes, 
irom 6*' X o'' to 60" X 18" clear opening*, 
with a number of intermediate sizes 24^ 
wide ; the thickness of cover 
varies from to J", and the 
weights of cover and frame 
from 17 lb. to nearly 3 cwt. 

Keyholes are provided to 
receive the lifting keys. 

Other types oif cover are 
provided with hand-holes for 



Fig. 4. Double-grooved manhole cover and 
frame for use over stoneware channel. 


use over stoneware channels. This type 
is shown by Fig. 4. A better pattern is 
that having an inner and outer cover 
(Fig. 5), and is obtainable with both flat 
or recessed top cover. Such covers were 
frequently used over stoneware channels 
where inside buildftigs, but the London 
by-laws now call for a bolted cover 
immediately over the 
channel. 

Hinged and locking 
covers with flat tops 
(Fig. 6) are frequently 
used, but there is always 
a danger that the cover 
may be broken if it is 
let down too heavily 




Fig. 5. ** Rotunda " double 
inner grease-sealed lid ; 


cover and frame 
seals in. deep. 


with 


Fig. 6. Flat top, hinged and lock 
ing cover with frame. 



Fig. 7. Roadway cover and frame for heaviest traffic : 
elm blocks and single grease seal. 

lifting (Fig. 2), but these are not so de- 
sirable ; the lifting bars bridging the hand 
holes are jnclined to rust away. 

Recessed Top Covers. It is frequently 
desirable to fill in the c< ers with the 
floor material such ais tiles, terrazzo or 
wood blocks ; the recessed top manhole 
cover is marketed for this purpose '(see Fig. 
3) . The cover has keyholes for lifting, and 
can be obtained with brass or gunmetal 
screws for holding down the cover. 

Double Seal Covers. Many engineers 
favour a double-seal manhole cover for 


Roadway Covers. Road- 
way covers and frames are 
made to withstand the 
heaviest ot traffic. Two 
types of these fitments are 
here illustrated. The pattern 
shown in Fig. 7 is available 
in sizes from 18" x 18" X 4^" 
deep to 36'' X 24" X S" deep, and the 
weights vary from i cwt. 3 qr. 14 lb. 
to 5 cwt. The cover illustrated is pro- 
vided with elm block.'^, but may be 
obtained without the blocks, so that 
the spaces can be filled in with grano- 
lithic or concrete. Other types of 
rectangular covers have flat studded tops. 

Roadway covers are also made circular. 
18 J in. and 21. J in. diameter (Fig. 8). with 

bases ^for 
bedding ; 
they are 
obtainable 
fitted 
eitherwith 
elm blocks 
(Figs. 7 

•and 8) or 

ventilating Fig. 8. Heavy circular solid roadway cover 
•• „ ° and frame fitted with twelve elm blocks, 
openings (pig, Bum Uro#. Ltd.) 
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Showerproof Covers. ^ of an iron plate, or a layer 

These (Fig. 9) are used on ^ of fireclay or asbestos. — 

asphalt flat roofs; they W.J,Woolgar,M.R.SanJ, 

cannot be employed else- See Boiler : (3) . 

where because of the manhole cover, r,. 9. shower. ^MANOMETER. See 

protecting upstand. proof cover and frame for fixing in PrCSSUre GaUgC. 

Watertight Covers. .MANSARD: or Curb 

1 hese are made by special Bum nro».. lu. Roof. A roof with two 


methods, their faces and 
joints being machined. If it is essential 
for a cover to be watertight the fact 
must be mentioned when ordering. * 

Size. The size of the manhole cover is 
most important, the common fault being 
to have it too small. It should be 
remembered that a man has to enter the 
manhole to work. Gene ally, covers over 
shallow manholes shoula be the full size 
of the manhole ; whilst for deep man- 
holes (5 ft. or more) the cover may be 
24 in. X 23 in., the manhole top being 
oversailed to receive it. 

MANLID and MANHOLE : To 
Boiler. Manholes are provided in domestic 
hot water boilers (in the shape of an oval 
or circular hole) as means of access to 
allow for the removal of '' fur and mud, 
and general boiler cleaning. Sufficient 
manholes should be provided ffir access 
to all parts of the boiler, and the manhole 
should be large enough for the entry of 
scrapers and other cleaning tools. 

The position depends largely upon the 
type of boiler, those in independent 
domestic hot water boilers being generally 
situated at the top and bottom of the side 
of the boiler. In the case of fireback boilers 


pjtches, the lower pitch be- 
ing nearly vertical and the ^igher roof hav- 
ing a slow pitch. This roof is used mainly 
where it is required to utilize as bed- 
rooms, etc., the space above the ceiling, 
which would not be possible with a roof 
of ordinary pitch. 

The point where the higher roof sits 
on the lower roof is known as the curb ; 
hence, the alternative name for this type 
of roof. The making watertight of this 
meeting point is the main concern of the 
plumber in the mansard type of roof, 
although if the roof comes against a wall 
it will be necessary to use lead flashings 
here. Fig. i shows how the problem is 
dealt with at the curb by means of a welt. 
^ The apron should be fixed first, and be 
securely nailed close up to the lower edge 
of the curb; the undcrlap may then be 
nailed in position and made tight to the 
apron by means of a single welt. A great 
advantage when making this type of 
joint is to plant a tilting fillet on the edge 
of the curb, against which the edges of 
the lower slates can abut. The apron 
should also be nailed to the fillet, as it 
will be found that it forms a solid backing 
for the welt. In cases where this fillet is 


of the arched type the manhole is situated 
on the top of the boiler ; while in the boot 
type it may be either on the flat or the 
vertical face, or on both. 

The manlid, or circular or oval flange 
for closing the manhole, is secured by 
a bridging piece inside the boiler, to 


not fixed the slates are taken to the angle 
of the curb and the apron rests on them. 
This will result in the slates tilting and 
they will in time become loose. " 

A more imposing type of finish to the 
mansard is to use a torus roll ; this roll 
sometimes has additional mouldings under- 


which is connected a threaded 
bolt extending through the 
manlid. The latter is tightened 
down to the boiler by means of 
a nut on the threaded part of 
the bolt. A suitable packing of 
sheet rubber or. other appropriate 
material is placed between the 
manlid and the boiler to prevent 
leakage. 

If the manlid of a fireback 
boiler is likely to be exposed to 
the fire and hot gases, it should 
be suitably protected by means 



MANSARD. Figs. 1 and 2. Watertight lead curbs to mansard 
roof: (left) use of welt at curb ; (right) plain torus roll. 
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neath, although these are not to be recom- When the curb comes against a wall it 
mended. It is difficult in such case to is not advisable to step the lead covering 
make the lead tight, and in time it will into the brickwork ; it should simply be 
sag away and may be blown up by the turned against the wall to a height of 
wind. Fig. 2 shows the usual type of roll three inches, and completed by means of 
used. It is not advisable in this case to step flashings Flashing). — J, Malpass, 

make the roll cover and apron in one piece ; M.R.San.I, 

they should be nailed*to the lower-pitch MARINE SANITARY ENGINEER- 
roof before the roll is fi^ed in position, the ING. See under Ship Plumbing, 
roll covering J)eing allowed to hang. The MECHANICAL EXTRACTION 
wooden roll should now be nailed in place ; SYSTEM. System of ven,tilation in 
the lead should be folded in position over Vhich the vitiated air is exhausted from 
the roll and tilt, continue up the roof a building by a fan discharging to the 
boarding for about six inches, and be atmosphere outside. It is described 
nailed on the top edge. This method is under the heading Ventilation. Sec also 
far superior to any other. Duct System ; Fan ; Plenum Heating. 

MENSURATION AND OTHER CALCULATIONS FOR THE 
PLUMBER & HEATING ENGINEER 

By J. St. Denys Reed 

In this article the object is to aid the student and the craftsman fh making use of 
the many formulae and other practical data provided in this Encyclopedia. Ex- 
ampies have been chosen from various departments and trades. Refer also 
to Areas ; Arithmetic ; and such articles as Air ; Pressure ; Temperature, etc. 


In the article on Arithmetic, earlier in per foot of length are, resj^ectively, 

this work, examples are given of simple 10*6 sq. ft., 12 sq. ft., and 20 .sq. ft. The 

calculations, including fractions and author ])T)ints out that in comj)aring rcilative 

decimals; indexes, powers and n)ots; and capacities of pipes it is tlic s(i\iarc root of 

logarithms. Under the hciiding Areas the fifth power of the diameter that must 

and Volumes, too, will be found useful be taken into account. Thus, although nine 


formulae and constants, with practical 
examples of calculations. In the present 
article it is proposed to deal further with 
calculations needed by the I’lumber and 
Heating Engineer, taking *3 examples 
some of the data and formulae offered 
throughout this work. 

Ducts. In the article on Friction a 
graphic compari.son is made between 
ducts having the same cross-sectional area 
but a different shape — the result being a 
great difference in contact area and hence 
in frictional resistance offered to the flow 


pipes of 2 in. diameter are a])parcntly eciual 
to one of 6 in. diameter (square pipes being 
taken for ease of comiwison), in practice 
it would n‘(piire sixteen pijx^s of 2 in. 
diameter to serve the same duty as a 
single one of 6 in. diameter (actually the 
figure is 1573). This is because the 
smaller pipes have proportionately a much 
greater area of surface contact. (.SV6^ 
Figs. I and 2 on this page.) 

It is often necessary to alter the shai)e 
of a duct from square to round while pre- 
serving the same cross-sectional area; in 


of gases. Duct A 
is circukii , with a 
diameter, of 3 ft. 
4^’ in. ; Duct B is 
square, each side 
being 3 ft. .long ; 
Duct C is rect- 
angular, 9 ft. X 
I ft. The area of 
each section is 
9 sq. ft., but the 
friction areas in 
contact with air 





MENSURATION. Figs. 1 and 2. Owing to increase of 
contact area, nine pipes 2 in. X 2 nf (right) are needed to 
serve same duty as one pipe of 0 in. 6 in. (left). 


Table 11 , page 345, 
circles of 1 in. to 
bo I in. diameter 
are given, with 
sides of squares of 
equivalent area. 
Thus, the example 
above, a circle of 
diameter 3 ft. 4 i in. 
has an area of 
1288-25 sq. in., and 
to be of equal 
area a square 
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must have sides measuring 35*89 in. 
diameter. 

Again, in practical work, it is required 
to know the sizes of duct necessary to 
deliver a given volume of air, the initial 
velocity being known. Thus, a fan 
delivers air at 2,000 ft*, per minute and it 
is required to reduce the velocity to half 
and deliver the same volume (the fan out- 
let being 20 in. diameter) ; What should 
be the diameter of the taper enlarging 
piece to reduce the velocity to 1,000 ft. 
per min. ? 

On referring to Table II. page 345, it is 
seen that the area of a duct with a diameter 
of 20 in. (circular) is 314*16 sq. in. ; look- 
ing down the column we find that a duct 
of 28 in. diameter has an area of 615*75 
sq. in. Again, assume that it is required 
to deliver air in equal volume at eight 
outlets. Refer to Table I, page 344 ; in 
the first column opposrte the required no. 
of outlets (8) is given in col. 3 the factor 
0*397. The initial diameter (say 28 in.) 
is to be multiplied by this factor : 

28 X 0*397 = ii*ii, 

so that the diameter of each outlet will 
have to be approximately ii in. 

Conversely, if we desired to ktiow the 
size of duct to serve three outlets of 12 in. 
diameter, col. 2 of the same Table, oppo- 
site 3 in col, I, gives the factor 1*63. Then : 

12 X 1*63 = I 9 ‘ 56 , 

and the duct must be igi in. diameter. 

Suitable dimensions of ducts depend 
upon volume of air to be passed and the 
velocity at which the air is to travel (see 
Duct Systems). Volume (in. cu. ft. /min.) 
divided by velocity (in ft./min.) equals 
area of duct required in ft. Applying this 
formula to the case mentioned above : 

A fan delivers air at a velocity of 2,000 ft./min. ; 
what should be the cross-sectional area of the duct 
to deliver such air at the rate of 1,000 cu. ft./min. ? 


Volume required (c.f.m.) 1,000 
Initial velocity (f.m.) 2,000 “ ® 5 sq. 

If the initial velocity is 1,000 ft./min. and 
the volume to be delivered remain^ as in 
the first example (1,000 c.f.m.)^ the calcu- 
lation gives : 


Volume required 1,000 
Velocity 1,000 


I sq. ft. area 


It is worth noting that Table I (page 344) 
quoted earlier enables area of ducts to be 
ascertained instead of diameter if desired. 

Cylinders, Pipes, etc The heating 
surface of piping can be calculated from 
the Table given in page 206. Thus if the 


nominal diameter is i in. (wrought pipe), 
multiplication by the factor 0*33 will give 
the surface in sq. ft. per lineal foot of 
piping. 

25 lineal ft. x 0*33 ■= 8*25 sq. ft. 
Conversely, if the heating surface re- 
quired for a caloirifier is 7 sq. ft., the 
length of piping in ij in. diameter needed 
is given by • 

Heating surface 7 sq. ft. _ 

Factor 0*43 

It is to be noted that these factors apply 
to wrought pipes of the nominal diameters 
stated. The surface area of the convex 
portion of a cylinder is found by the 
formula (i.e. excluding the ends) : 

Height X Circumference = Area of convex 
portion. 

For an example see page 59, under the 
heading Areas & Volumes. 

The contents of a cylinder arc obtained 
by the formula given in page 60 : 

Volume in cu. ft. x 6J (gal. water in one cu. ft.) 

= Contents in gallons of water. 

The approximate capacity of a cylinder 
aS used for hot water supply can be read 
directly from the Table in page 284. 

The amount of water contained in 
piping is given by the Table in page 258, 
for diameters of J in. to 6 in. Thus, for 
piping of ij in. nominal diameter the 
amount in gd. per lined foot is 0*053. 

Thus 230 ft. run of i J in. pipe X *053= 
12*19 gal. 

Heating Calculations. Since in 
every main article on Heating in this 
work the authors have given the appro- 
priate data and formulae for calculations, 
with worked-out examples, there is no 
need for extended explanations here. The 
basis of all such calculations is the feritish 
Thermal Unit (the quantity of heat re- 
quired to raise the temperature of i lb. 
water through i® F.). It is interesting 
to note here that to evaporate i lb. of 
water about 1,000 B.Th.U. are required. 
In practical work this has an important 
bearing on the warming-up period of 
a building, since a newly constructed 
house will contain much moisture in 
the walls, etc.„ which may take several 
months to dry out ; see Heating : (i). In 
calculations relating to public buildings 
such as churches, halls, theatres, etc., the 
amount of heat provided by the congre- 
gation or audience has to be taken into 
account ; as shown, an adult, dissipates 
from 215-436 B.Th.U. per hour. 
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Heat Loss. In calculating the heat 
requirements of a building the amount of 
heat lost or gained by transmission through 
the walls, floor and ceiling must be found 
out ; also the amount of heat needed to 
warm the ventilating air ; see Heating : (i). 

Coefficients of heat loss have been 
established for the principal materials 
used in building conftruction, and the 
value of this coefficient (known as K) 
is given in the Heat Loss Chart facing 
page 527. K represents, then, the B.Th.U. 
per sq. ft. per hour per ® F. difference 
in temperature. The value of K for a 
4i-in. brick wall, unplastered, is 0-5 ; 
of a tile or slate roof, open under- 
neath, 1*00 ; of corrugated steel sheets, 
unlined, i'8o. It is a simple matter to 
calculate the heat loss by the aid of the 
instructions given under that heading. 

Head of Water. A stationary body of 
water exerts pressure by virtue of its 
weight [see Hydraulics), and the height 
of the free surface above any given point 


is the static head at that point. The 
pressure increases with the depth or head, 
and is determined by the vertical height 
of the column of water. The density of 
the water, or weight per unit volume, 
affects the pressure, and depends on the 
temperature of the water. Generally the 
standard weight is taken as 62'36 lb. 
per cu. ft., this being the weight at a 
temperature of 62® F. • The pressure per 
^q. in. of surface is 0*433 lU per ft. of 
vertical height. In practical work, where 
accuracy to the third decimal place is 
not necessary, the standard wciglit can be 
taken as 62*4 lb. per cu. ft. 

Water in an open-topi)ed tank 10 ft. 
above the boiler it feeds exerts a pressure of 
10 X 0 433 == 4*33 lb. per sq. in. 
of boiler surface (on the top plate of the 
boiler). The water within the boiler also 
exerts pressure, so that at a depth of 
I ft. below the top plate the pressure 
would be increased by a further 0*433 lb. 
per sq. in. 


METERS: ELECTRIC, GAS AND WATER 

By R. A. Baynton, A.M.I.E.E. ; G. A. Hill. M.lnst. Fuel ; and E. H. Vick. A.M.Inst. C.E. 

In the first of this group, Mr. Baynton discusses typesV electrical measuring instru- 
ments. Gas meters are dealt with next, with practical notes (for other information 
see Gas Fitting). Water meters are the subject of the third article. In this 
connexion the reader should refer to Venturi and to the Water group. 


The type of an electric meter is 
denoted by a prefix (thus, ammeter — an 
instrument for measuring amperes, or 
current — and voltmeter, an instrumcin 
for measuring volts) ; or by a qualifying 
word (e.g, supply meter and kWh. — 
i,e. kilo-watt-hour meter). With one 
exception ammeters and voltmeters are 
fundamentally the same in their opera- 
tions and will therefore be considered 
together. An ammeter is, however, 
connected in the line in which the 
current is to bo measured (so that the 
whole or part of the line current passes 
through^the meter) ; but a voltmeter is 
connected across the line where the voltage 
difference is to be determii d (see Fig. i). 

Ammeters. The. electrical resistance 



METERS: ELECTRIC. Fig. 1. Diagram showing 
how an amnleter Is connected In the line of current 
and a voltmeter across the line. 


of an ammeter is low, so that unless the 
resistance of the load is also very low 
the introduction of the ammeter into 
the circuit does not appreciably reduce 
the line current. The current that can 
be passed through the ammeter without 
damage depends on the type of instrument; 
thus for a moving coil instrument (see 
latter) it is about 5 ami)eres and for a 
moving iron instrument about loo am- 
peres. The range of all types of ammeters 
can, however, be increased by the use of 
shunts, a shunt being a rcsi.stor having 
a resistance of such a value that only a 
definite proportion of the line current 
passes* through the instrument, the re- 
mainder passing through the shunt. By 
using a number of shunts the range of 
the instrument may be extended inde- 
finitely, so that currents of a thousand 
amperes or more may be read on an 
instrument that will also register only a 
few amperes. In commercial ammeters 
it is now usual to incorporate the shunts 
in Ae instrument itself. A multi-range 
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instrument may have a built-in range 
switch, or a common terminal (C) and a 
number of other terminals suitably marked, 
in the first case, with the circuit dead, 
connexion is made to the two terminals 
and the switch set to the appropriate 
range ; in the scconcf, one connexion is 
made to the common terminal and the 
other to the required range terminal. 

If the likely magnitude of the current 
is unknown the switch must be set at, o|; 
connexion made to, the highest range. 
The range being then altered progressively, 
step by step, until the most suitable 
range has been found. If this precau- 
tion is not taken the instrument may be 
burnt out. 

Voltmeters. As has previously been 
stated, a voltmeter is connected across 
the circuit ; if an ammeter (a low resist- 
ance instrument) were treated in this 
way, the current through it would in 
general be so high that the instrument 
would be burnt out, but an ammeter can 
be converted into a voltmeter by con- 
necting in series with the operative part 
of the instrument a resistance of such a 
value that for the rated voltage the 
current passing through the instrument 
gives full scale deflection. By using a 
number of series resistances the range 
of the instrument may be varied, the 
current flowing in the instrument to give 
full-scale deflection being in all cases the 
same. (See Fig. 2 .) The resistante may 



METERS : ELECTRIC. Fig. 2. Series retistancei 
used to vary voltage range of a voltmeter. 


be incorporated in the instrument ; or an 
external volt box or potential divider 
may be used. 

The following types ol instruments are 
in common use ; 

Moving Coil. Consists of a coil lightly 
pivoted between the poles of r pernlanent 
magnet. Current passing through the 
coil causes it to rotate against a control 
spring. The direction of rotation depends 
on the direction of current flow. These 
instruments may be constructed to register 
only when the current is flowing in one 
direction ; or, in the case of centre zero 
instruments, to show both the dkection 
and magnitude of the current. • 


Moving Iron. In these an iron plungei 
or disk (armature) is attracted by the 
magnetic field set up by the current 
passing through a fixed coil. As the coil 
does not move, and current does not have 
to pass to it via delicate control springs, 
it may be wound pf much heavier gauge 
wire than the coils of the previous type of 
instrument. Conj^^quently, moving iron 
instruments can be designed to carry 
quite heavy currents without the use of 
shunts. The limit is about loo amperes. 
Early moving iron instruments were not 
very accurate, but modern instruments 
of absolute accuracy can be obtained. 
There are, however, on the market instru- 
ments of very dubious accuracy intended 
for battery testing and for use of wireless 
amateurs. M.I. instruments always deflect 
in the same direction, irrespective of the 
direction oj current flow. 

Dynamometer Instruments. Have a 
moving c6il of light gauge wire and a fixed 
coil of heavier gauge. Both coils carry 
current, and the instrument deflects in 
ohly one direction. 

Hot-wire Instruments. The needle is 
deflected (through suitable gearing) by 
the expansion of a wire heated by the 
passage of current. Not much used at the 
present time. 

Induction Type. Depends for its action 
on the reaction betw^een the magnetic 
field set up by a current in a fixed 
coil and the current induced in a light 
metal disk. 

Moving coil instruments can only be 
used on D.C., Induction instruments on 
A.C. Moving iron. Dynamometer, and 
Hot-wire instruments may be uj^d on 
either A.C. or D.C. All the above instru- 
ments are usually fitted with zero ad- 
justers and, before using, the pointer 
should be brought to zero. 

Wattmeter. This is an instrument 
for measuring electric power, and com- 


Current ca// 



I n 

^ig. a. Single-phate wattmeter connected in circuit. 
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prises two circuits — one for carrying 
current, and the other for carrying a 
current proportional to the voltage (the 
voltage coil). Fig. 3 shows a single-phase 
wattmeter connected in circuit. 

Supply Meters. These are instru- 
ments that integrate# the amount of 
current or power consumed over a period 
of time. The main types are electrolytic 
meters, Aron® clock meters, arid motor 
meters. Electrolytic meters can only be 
used on D.C. circuits and for t!?is reason, 
and also because of certain inherent 
defects, they are rapidly disappearing. 

The Aron meter consists essentially of 
two pendulums, the bobs of which carry a 
fraction of tlie circuit current, oscillating 
in fields that carry a fraction of the circuit 
current. The forces of attraction and 
repulsion between the fixed and moving 
coils are proportional to the watts in tlie 
circuit metered, and the connexions 
are such that one of the pendulums is 
accelerated whilst the other is retarded. 


The motion of the pendulums is conveyed 
to a train of gearing. 

Motor meters now constitute the most 
important class, and comprise a simpj^ 
motor which develops a torque j)ropor- 
tional to the quantity to be integrated 
(watts, amperes, *or volt-amperes, or 
multiples of these). The speed of rotation 
of the motor disk, which is resisted by an 
eddy current brake, is proportional to the 
quantity being measured; the total 
number of revolutions of the disk com- 
municated, by gearing to a series of dials, 
can be made (by calibration) to show the 
total power (or other quantity) consumed 
over a given time. 

Induction motor mt;ters arc funda- 
mentally similar to the non-integrating 
meters of the same type, except that tlu* 
control spring is replaced by an eddy 
current brake and that the readings are 
integrated by gearing as with the other 
types of supply meter. Induction motor 
meters can oniy be used on A.C. 


METERS, GAS: TYPES,' SIZES AND CONNEXIONS 

By G. A. Hill, M.lnst.Fuel, Instructor In Gas Engineering, Redhill Technical College 


Meters used for domestic consumers 
arc of two types, viz., diy and wet, 
though the latter type has been dis- 
continued to a large extent owing to 
its higher initial cost and the fact that 
regular and periodical attention is re- 
quired to maintain the water level. The 
dry meter has been develo|:: 'l into a com- 
pact, light and reliable means of measuring 
gas. Since the advent of dry gas on some 
large undertakings, it is essential that the 
gas .should not ccune into contact with 
water ; a dry meter is therefore imperative. 

Dry Meters. The dry meter consists 
of a rectangular tinned iron box with a 
small upper compartment and a larger lower 
compartment (which in turn divides 
laterally into two equal compartments). 
Fixed to«the partition of the lower com- 
partment, one on each side, arc two 
collapsible bellows forme, of circular 
metal plates-and leather. The top compart- 
ment houses two sets of valve ports and 
valves, communicating with the inside 
of the bellows and with each lower 
Compartment outside the bellows. Cranked 
arms trr nsfer the motion of the bellows to 
two vertical rods passing through stuffing 
boxes and into the top compartment where, 


by a system of levers and a crank, the 
train of gears . forming the index and 
the valves is driven, l^efereiice to the 
diagnimrnat ic illustrations (Figs, r-4 in 
p. 696) will explain the sequence of 
working. 

Where it is desired to employ a pre- 
payment slot meter a suitable device is 
added to the side of the meter : it consists 
of a valve closing the inlet to the meter, 
this valve being connected with a quick- 
thread screw. Insertion of a coin links 
up the screw with the lever on the outside, 
and on turning the lever the valve is 
raised off its seat. The more coins that are 
used, the further the valve will l)e lifted 
from its seat. The screw is also connected 
with the driving mechanism : this latter, 
when tjie meter is working, turns the valve- 
op rating .screw in the reverse direction 
to which it was turned by the coin, thus 
gradually closing the valve. Variations of 
this mechanism enable either shillings or 
pennies to be used at will. 

Sizes and Connexions. Sizes, capaci- 
ties and connexions ot some dry meters 
are given in the Table printed in p^c 697. 

Both'the older types of “ lights ” meter 
and the later high capacity meter are 
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Compartment 


^mrticat Pi\^tstor 





given here. The capacity of the “ lights " 
meter is rated by assuming that one gas 
light requires 6 cu. ft. of gas per hour : 
thus a lo-light meter has a capacity of 
lo X 6 = 6o cu. ft. per hour. The main 
difference between the ‘‘ lights *' and high 
capacity type is that the latter has in- 
creased size of valves and ports and a 
modified form of bellows. These modifi- 
cations allow a larger volume of gas to be 
measured for the same size of case. A 
striking difference in size of case will be 
noticed for any given capacity. Meters up 
to 700 cu, ft. per hour are fitted with brass 
unions for lead pipe connexions ; above 
this capacity flanged iron connexions are 
used. It is customary to by-pass the larger 
size meters, which are not usually carried in 
stock, so that in case of meter breakdown 
the supply of gas to the consumer may be 
continued while repairs are effected. 

Wet Meters. The wet meter consists 
of a cylindrical iron casing with horizontal 
axis through which passes a spindle 
carrying the measuring drum. The drum 
is made of pure tin and is divided into four 
compartments shown diagrammatically in' 
Fig. 5. The meter casing is filled with lyater 
to just above the spindle, at a height set 
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METERS: QA8. Figt 1-4. 
Sequence of working of dry 
meter. 1 (top left), gae 
entering top compartment 
through Inlet f passes down 
post p (post to Inside of 
diaphragm), Inflating 
bellows (measuring cham- 
ber Inside diaphragm) ; the 
Inflation causes gas In 
casing t (measuring cham- 
ber outside diaphragm) to 
be forced out through post 
of q (post to outside of 
diaphragm) through slide 
valve V to outlet post o. 
2 (top night), bellows s are 
fully inflated and valve v 
is closed at p and q ; gas 
now enters bellows S 
through post P, expelling 
gas in T through Q Into 
outlet O. 3 (bottom left), 
further movement of meter 
mechanism opens post q, 
admitting gas to t, deflating bellows t, and 
expelling gas from meter, since post p Is in 
communication with outlet o. 4. (Bottom 
right), measuring chamber s is now fully 
deflated, and gas to c is cut off by valve 
which also closes p to outlet. Further 
movement now opens post Q, and T begins 
to fill, deflating 8 and expelling gas in S 
through P to outlet O. Both outlets O and 
ojoin inside meter, forming common outlet. 

by the makers. Gas enters the 
meter and passes through a tube, 
underneath an apron piece sealed 
by the water, and into each 
compartment in turn ; this has 
the effect of rotating the drum. 
Each compartment of the drum 
has an opening to the outer casing; 
as each compartment Alls and the drum 
rotates, this part is unsealed by the 
water and the gas passes out into the 
outer casing and thence away from meter. 
The gas is expelled from the full compart- 
ment turning the drum round, thus 
gradually submerging the first compart- 
ment. Fig. 5 makes the action clear. 

Very large meters used by gas companies 
to measure the “ make of gas differ in 
type. The meter may be of the wet type, 
similar in principle to that already des- 
cribed ; but as these are very bulky and 
have other undesirable qualities, smaller 


Co/rpartment ^ 
just unsea/if 



IVater/ine 


Wet meter : Iron eating enclosing rotating 
drum which measures gat by compartments ; the latter 
are water sealed until rotation unseals outlet post. 
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Gas Meters: Siies, Capacities and Connexions 


Size 

Capacity 
cu. ft. per hour. 

Height 

ins. 

Breadth 

ins. 

Depth front 
to back, ins. 

Size of con- 
nexions, ins. 

10 light 

60 


Mi 

10} 

> 

I 

No. 3 . . . . 

60 

i6f 

Hi 

8i 

i 

HC/ioo 

100 

Hi 

9i 

.7i 

i 

HC/200 

20m 

>5t 

Hi 

8i 

I 

60 light 

360 

34 

27 i 

20J 


HC/400 

403 

1 8} 

Mi 

M 

li 

HC/700 

700 1 


22 

M 

2 

150 light . . • 

900 

■i'J 

42 

29 

3 flanged 

200 light 

1,200 

56i 

42 i 

30 

3i flanged 

HC/I,200 

1,200 

29 

29 i 

18J 

3 fleanged 


and more suitable meters have been 
devised. There is a rotary meter in wliich, 
after passage through ports, the gas is 
impelled against the vanes of a rotating 
disk. In another case two delicately 
balanced vanes are geared together in a 
casing, the vanes working in with each 
other and being so shaped that the gas 
pressure turns the two vanes round in 


opposite directions (Connersville Meter). 

For very accurate laboratory and testing 
purposes a wet meter of special construc- 
tion is used, this type having great’ 
accuracy. There are otlier types (e.g. Flow 
meters), but these are comparatively rare, 
and are only met with in the laboratory or 
for testing purposes. For further inform- 
ation see Gas Fitting. 


METERS, WATER: PRINCIPLES & VARIETIES 

By E. H. Viitk, A.M.Inst.C.E. 


Water meters are used for registering 
the amount of water supplied to private 
cor:>amers when water is sold to them by 
bulk. They are also installed at various 
points in the town's mains for checking 
the supply in each district and for detect- 
ing where waste occurs through leaky 
pipes and fittings. 

There are a large number of patented 
types in use, and the choice of the best 
meter for any particular purpose is best 
left to the specialist firms that manu- 
facture them. The more usual type's 
consist* of a small casting containing two 
pistons working in cylinders of known 
capacity. The water enters each cylinder 
in turn, and the movement of the piston 
is transmitted by mechanism to the dials 
on the face of the instrument. The meter 
is read in a similar manner to a domestic 
ga3 meter. 

For domestic supplies it is essential 
that the meter works noisek Jy, and that 
it is calibrated accifrately. For waste 
water detection, however, accuracy in 
measuring the larger flows is not so 
essential, but the meter must measure the 
total quantity passed over a period of 
about 1*1 minutes, down to very small 
flows of about i/io gallon per minute. 

Meters are usually made to suit any 


size pipe from i in. to 6 in. diameter. A 
i-in. diameter meter, for example, will 
measure accurately flows as low as 5 gallons 
per hour. 

Venturi Meter. For measuring large 
flows a Venturi meter is usually installed. 
These meters record automatically on a 
chart, the rate of flow at any time, and 
also register the total quantity of water 
passed. Tlie Venturi meter itself is placed 
in the pipe line and consists of a short 
length of pipe converging to the throat 
(see Fig. i), and a longer divergent cone 
gradually expanding to the full diameter 
of the pipe. (See Venturi for principle.) 

Water flowing in the direction of the 
arrow C gains in velocity as it reaches the 
throat but loses head. After leaving the 
throat it loses velocity but regains nearly 
all the original head. The pressure at 
A = pa and the pressure at B == ph, 
th'.is there is a difference of pressure 
between the upstream side and the throat 
equal to A. 

Let A = the area of the upstream portion = — D® 


Let a=the area of the throat portion = 

,Tben the quantity passing at A = Q = AVj 
The quantity passing at B = Q = av^ 

» V-*— V.* 

and since it can be proved that ^ - 
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it will be seen that if the diameters of the 
throat and upstream section are accurately 
known the quantity passing can be deter- 
^r^ined by measuring the difference of 
head h. 

Example. Let D =6 in. then A = 28*27 sq. in. 
= o’icjO sq. ft. 

Let d 4 in. then a = 12*57 
~ 0*0873 sq. ft. 

Let A ~ 5 ft. 

Then 5 == V,® — Vi* = 322 

But Q = AVj =- aV, 

.•.V.=:|^ancl 

••• Q* Q* 

(•0873)2- 322 

or 131 — 26*3Q2 = 322 

io5*2Q2 = 322 

Q2 = 303 

or Q 1*74 cu. ii. per sec. 
or () = g/jo.ooo gal. per day 

Venturi meters are constructed with 
annular pressure chambers at the up- 
stream end and at the throat, from each 
of which small copper pressure pipes are 
taken to the recorder (Fig. 2). The recorder 
may be placed any reasonable distance 
from the Venturi tube, and may be cither 
of the water type or the mercury type. 

The pressure pipes A are led to the 
bottom of the float columns B. Floats 
working in these colums transmit the 
difference of head h by means of wires to 
the recorder C. The recorder consists of 
a drum on which is mounted a chart 
ruled in horizontal lines for the rate of 
flow and in vertical lines for time. The 
drum is rotated by a clock, and a pen 
actuated by the float 
wires records the rate 
of flow at any time. 

By means of integrat- 
ing mechanism the 
total flow is recorded 
on dials. The 
float columns ^ 
may contain 


either water or mercury ; in the latter 
case the height of the columns will be 
much less than with water. 

The chart may be calibrated for daily or 
weekly recordings. Venturi meters may 
be installed in any size main, and have 
been used on maips up to 10 ft. diameter. 
A length of 40 diameters of straight 
pipe is necessary on the upstream side 
of the meter. 

METRIC SYSTEM. A decimal sys- 
tem of weights and measures. The 
basic unit is called the metre and was 
supposed to be one ten-millionth of the 
length of a quadrant of the meridian (i.e. 
of the earth's surface between the pole 
and the equator, at sea level). Actually 
there proved to be a slight discrepancy, 
and the “standard metre” is the length 
of a metal bar kept in the French 
national archives. 

Linear and Superficial Measure- 
ment. Subdivisions and multiples are 
indicated by the use of a prefix before the 
word metre, as follows : 

10 millimetres (mm.) equals i centimetre 

10 centimetres (cm.) 

10 decimetres (dm.) 

10 metres (m.) 

10 decametres (Dm.) 

TO hectometres (hm.) 

10 kilometres (km.) 


I decimetre 
metre 
decametre 
hectometre 
kilometre 
myriametre 


Drum 


Annu/ar 




Tota/f/oiv coun/ers 
Fig. 2 


Fig. 2 . Venturi meter connected by pressure 
pipes (A, A) to float columns (B,B) which 
transmit difference of head (h) to recorder 
(C). (See description in text.) 


METERS : WATER. Fig. 1. 
Venturi meter for measuring 
large flows (for explanation, 
see text, p. 687). 


Pir ecHon ^ 
off/o!^. C 


L 


i> 
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Threat 


Fig. 1 
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One of the great merits of the metric 
system is that it is based on the decimal 
system. The metre can thus be sub- 
divided into the decimetre {tenth), centi- 
metre {one-hnndredth) and millimetre* (owe- 
thousandth), Latin prefixes arc used for 
sub-divisions, and Greek prefixes for 
multiples. Multiples of*the metre are the 
decametre (lo), the hectometre (loo), the 
kilometre (i,ooo), and* the myriametre 
(10,000). Sirflilar units are used for 
square measure and cubic measure ; while 
a parallel series, based on the litre, is 
employed for volume. Weight is based 
on the gram. The various units arc linked 
up ; thus the litre is approximately 
equivalent to 1,000 cu. centimetres 
(actually to 1,000 028) ; the gram has 
the same weight as a cubic centimetre of 
water. A litre of water weighs approxi- 
mately 1,000 grams (or i kilogram). 

In superficial measurement too sq. 
metres equals one are, and 100 ares equals 
one hectare. For most measurements the 
metre is the unit : centimetres or milli- 
metres arc used for small distances, and 

Conversion Factors 


for roads or great distances the kilo- 
metre. The number of metr is written at 
the left of a. decimal point and the sub- 
divisions at the right. Scales on drawings 
are indicated by simple fractions. Thus, 
the scale which in France or Germany 
corresponds to I in. to i ft. is expressed as 
i/ioo or I : TOO — immediately conveying 
the information that i metre equals 100 
metres and 1 centimetre equals 100 centi- 


metres — that the drawing is, in fact, i/ioo 
full size. 

Volume. The litre is the unit of volume 
and equals 1,000 cu. cms. The relation>» 
of the units are as follows : 

10 millilitres (ml.) equals i centilitre 

10 centilitres (cl.) * „ i decilitre 

10 decilitres (dl.) „ i litre 

10 litres (1.) „ 1 decalitre 

10 decalitres (Dl.) „ i hectolitre 

10 hectolitres (HI.) „ • T kilolitre 

'Jhe hectolitre is the unit commonly 
employed for large quantities of materials 
such as grain, fruit, and liquids. 

Weight. The gram is the unit of 
weight, and is the weight of i cu. centi- 
metre of distilled water at 3Q’2 deg. F. « 
The relations of the units are the same as 
those given above for volume, 10 of each 
equalling i of the higher unit. These 
units arc : milligram (mg.), centigram 
(eg.), decigram (dg.), gram (g.), deca- 
gram, hectogram, kilogram (kg.), or kilo, 
myriagram, quintagram (q.), tonneau (t.), 
or tonne. Tlic gram is for .small articles, 
the kilo for larger objects such as groceries, 
and the tonne for 
very heavy articles. 
The metric tonne is 
a])]>roximately the 
weight of a cu. metre 
of water. 

Comparative Tables: 

Linear Measure 

j cm. equals ■3<)37 in. 

I m. „ 3’'2 So 8 ft. 

I m. „ I ’0930 yd. 

I km. 

1003*633 yd. 

I km. equals ■(>21370 mile 

Superficial Measure 
I sq. cm. equals 

•1530 sq. in. 

I sq. m ecjuals 

10-7030 sq. ft. 

1 sq. m. equals 

i-.iOf»o sq. yd. 

I hectare equals 

2’47ii acre.s 
r hectare equals 

•0038 sq. mile 

Cubic Measure 

I cu. cm. ecjual.^ ‘0610 cu. in. 

I cu. m. equals 35*31 cu. ft. 

I cu. m. equals 1*3080 cu. yd. 

Volume 

I cu. cm. equals *0338 fluid ounces 
1 litre equals *2205 gallons 
Weight 

j kg. equals 2*2046 lb. 

I q. ,, *9831 ton 

*1 t. „ 9*831 

See Arithmetic. 

• z» 


Exam pic — ^ 

Column 1 X Multiplier - Column 2. Inches x 25*4 = millimetres, 
('ohiinn 2 X Reciprocal -- Column i. Millimetres x *030 37 ^ inches. 


Loluinu i 

Column 2 

Multiplier 

Kecij)rocai 

Inches 

Mms. 

2.5 *4 

•«.V) 37 

Feet 

Metres 

•304 8 

3 -280 8 

Yards 


•OT4 4 

f *093 6 

Miles 

Kms. 

I -Oog 3 

■U21 37 

Square ins. 

Square mm.s 

645 *16 

*00 T 33 

„ ins. 

,, cms. 

0 *45 

■15.5 

„ ft. 

,, metres 

*092 

JO 

Cubic ins. 

Cubic cms. 

1 6 -387 

•oOl 

„ ft. 

,, metres 

•028 32 

.3.5 -314 » 

Lb. 

Kgs. 

*4.'' 3 59 . 

2 *204 62 

Cwt. (W2 lb.) 

Kgs. 

50 *802 

•019 68 

Tons 

Toimes (metric) 

I 016 

•984 2 

Ft. Poundals 

Krgs 

•421 387 

23 *731 X TO-^ 

Poundaks 

Dynes 

13 82.') ■ 3.3 

•000 072 33 

Lb. per yard 

Kg. per km. 

.490 *06 

•002 02 . 

Lb. per sq. in. 

Kg per sq.cm 

•070 31 

14 *223 

Pints 

Litre.s 

•568 * 

r -jh 

Quarts 


J -136 

■88 

Gallons 


4 540 

*22 
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METROPOLITAN WATER BOARD : BY-LAWS 

METROPOLITAN WATER BOARD: THE BY-LAWS 

By E. J. Ward. LL.B. 

In a number of the practical articles on Plumbing and Sanitary work printed in 
other pages extracts from the M.W.D. By-Laws are given, or specific reference 
made to them. Here Mr. Ward draws attention to the most important sections. 

The By-Laws themselves can be obtained from the Board, together with separate 
''Notes” on* them. See Ball Valve; Cistern: Water Closet; Water, etc. 


By-laws in force at the present time are 
those made by the Board on July 21, 1950, 
under the authority of Section 16 of the 
Metropolitan Water Board Act 1932 f«r 
the purpose of preventing the waste, 
undue consumption, misuse, or contamina- 
tion of water. They were confirmed by 
the Minister of Health and became opera- 
tive on September 14, 1950. Following 
extracts from the by-la vs are given as of 
importance to readers. 

Application. The by-laws apply to 
water fittings used for conveying, deliver- 
ing, or receiving water supplied by the 
Board, but do not require any person to 
alter or renew, unless defective, any fitting 
which was lawfully fixed in accordance 
with previous by-laws (By-law 5). 

Pipes. Communication pipes must be 
of lead, lead alloy, or cast iron, and have 
a bore of not less than half an inch. Supply 
and distributing pipes shall be of suitable 
material and, if laid in contact with the 
ground, must not be of cast iron or steel 
(By-law 8). Pipes of lead, lead alloy, cast 
iron, asbestos cement, wrought iron, steel 
and copper must conform to the appro- 
priate British Standards. Cast iron and 
asbestos cement pipes must be capable of 
withstanding a test pressure of at least 
double that which they must sustain 
under working conditions (13). This 
requirement also applies to pipes of any 
material not specifically mentioned (17). 

Pipes of wrought iron, steel, and malle- 
able c.i. fittings must be protected from 
external corrosion, and, if not part of a 
closed circuit, against internal also (14). 

Joints in lead and lead alloy pipes must 
be made by means of a wiped soldered 
joint or by some equally efficient* water- 
tight joint (10). Connections between lead 
and lead alloy pipes and pipes of other 
metals must be made by means of a 
corrosion resisting screw-ferrule wiped on 
to the lead or lead alloy pipe, or by some 
equally effective method (ii). At least 
I ^ in. of any fitting connected to a lead 
or lead alloy pipe by a wiped jojnt^ must 
be included within that joint (12). * 


Bends must not be constructed so as to 
diminish the waterway or alter the internal 
diameter of the pipe (18). * Pipes must be 
adequately supported in such a manner 
as to avoid air locks (19), and if placed 
underground, not under a building, they 
must be at a depth not less than 2 ft. 6 in. 

Stop Taps. Every supply pipe must be 
fitted with a stop tap inside the building, 
as near as practicable to the point where 
the pipe enters it. Stop taps, if less than 
2 in. internal diameter, must comply with 
the appropriate British Standard, and, if 
over 2 in. diameter, must comply with B.S. 
1218 : 1946, for sluice valves for water- 
works purposes (24). 

Taps and Valves. Bib, pillar, globe 
?nd stop taps of not more than 2 in. 
nominal size, and of the ordinary screw- 
down pattern must conform to B.S. 1010 : 
1944. Other patterns must be capable of 
resisting a pressure of at least 300 lb. 
per sq. in. and internal parts must be 
made of corrosion resisting alloy (26). 

' Ball Valves. Ball valves of the Ports- 
mouth pattern must comply with B.S. 1212: 
1946 (By-law 27). High pressure, medium 
pressure, and low pressure ball valves of 
other types must be suitably stamped, 
and must close against test pressures of 
200, 100, and 40 lbs. per sq. in. respec- 
tively (27). By-laws 28 and 29 provide 
for the positioning of the ball valve in the 
cistern and precautions, where necessary, 
against siphonage of water back through 
the valve. See also p. 705. 

Cisterns. In general, supply pipes must 
discharge into a storage cistern (31), but 
a draw off tap for drinking water must be 
provided (57). Pipes and cisterns which 
receive and convey the Board’s water 
must be used exclusively for it (32). 

By-law 35 enumerates many materials 
for the construction of storage cisterns. 

Mild* steel cisterns of 1000 gallons 
capacity or less must comply with 
B.S.417 : 1944, for grade A cisterns (36). 
Storage cisterns must be of not less than 
50 gallpns capacity, and, if u^d also as a 
feed cistern, not less than 80 gallons (39). 


700 



MINIMUM SPECIFICATIONS 


Hot Water Apparatus. Every hot 
water ‘storage vessel must hold not less 
than 25 gallons and be constructed of a 
suitable material (50). If made of mild 
steel or copper, it must comply with the 
relevant British Standard (51). The run 
of pipe from a hot w^ter apparatus or 
storage vessel to a hot water tap must 
not exceed the limits set fbrth in by-law 49. 
These distance? are 40 ft, for a | in. pipe, 
25 ft. for a I in. pipe, and 10 ft. for a pipe 
exceeding i in. internal diameter. 

Pipes for conveying hot water must be 
of lead, copper, galvanized steel or wrought 
iron, or of some corrosion resisting alloy 
(48). Cast iron pipes of not less than 2 in. 
diameter may be used if suitable pro- 
vision is made for expansion (48). By- 
laws 43 to 46 provide for regulating the 
supply of water to heaters, electric storage, 
and other hot water appliances (48). 

Baths, Lavatory Basins and Sinks. 
Outlets must be fitted with watertight 
plugs (53). Every inlet to a fixed bath, 
or sfiik must be distinct from an^ 
unconnected with any outlet (53). 

Flushing Apparatus. This must be 
provided for every water closet and urinal 
(54) Flushing cisterns serving water 
closets must provide a flush of two gallons. 
If hand operated, a cistern servicing a 
urinal must provide a flush of one gallon 
per stall (56). Flushing cisterns must 
conform to British Standard 1125 : 1945. 

Standpipes. A standpipe serving more 
than one house must be fitted with a nor, 
concussive self-closing or other suitable 
waste-preventing tap (58). 

Water T roughs. These must each be 
fitted with a ball valve or similar device 
which must be housed in a separate com- 
partment which can be locked (59). 

Disconnection of Water Fittings. 
A pipe solely supplying water to a fitting 
which is to be permanently disconnected 
must itself be disconnected (60). 

Notices. At least seven days* notice 
in writing must be given of an intention 
to use water (not supplied ^v meter) as a 
source of motive poyrer, ior operating 
refrigerators,* or with a hosepipe for water- 
ing or washing gardens, horses, or vehicles 
in stables or garages (61). 

At least three days* notice must be given 
of an intention to fix or alter (excluding 
repairs ;i ad renewals) any water fitting (62). 

Testing end Stamping Fittings. Fit- 
tings used with the Board*s supply must 


be tested and stamped to guarantee com- 
pliance with the by-laws (63), charges for 
testing and stamping being laid down (64). 

Meters. The type, quality, construe.*^ 
tion, position, fixing, and mode of. con- 
nection is set forth in by-law 65. A meter 
which records to within 3 per cent the 
quantity of water which actually passes 
through it is to be deerned accurate (66). 
Provision is made for the estimation of 
oonsumption where meters are found to 
be inaccurate or fail to register (66). 

Penalties. A fine not exceeding five 
pounds may be imposed for an offence 
against the bj^-laws, and where the offence 
is a continuing one, an additional fine, not ^ 
exceeding forty shillings, for each day the 
offence continues after conviction (68). 

MINIMUM SPECIFICATIONS 
(Institute of Plumbers). The Institute 
of Plumbers have issued certain specifica- 
tions for plumbing work, embracing the 
principal aspects of such work. 

The reasons which impelled them to 
undertake this work are the following. 
The Ministry of Health, as the confirming 
authority, issue from time to time model 
by-laws. • Local Authorities — of which 
there arc some hundreds — seeking to 
obtain confirmation of their revised 
by-laws are inevitably guided by such 
models. But, partly because of local 
conditions and partly, it must be ad- 
mitted, becau.se of the traditional inde- 
pendence of local government, local by- 
laws tend to reflect that independence 
even in minor matters. It is recognized 
that local circumstances must influence 
by-laws (as, for example, the strength 
of water pipe because of the varying 
pressures). On matters determinable by 
unvarying physical laws, however, there 
should be no variations. 

The greatest difficulty with which 
architects, builders and sanitary engineers 
have to cope is the fact that, even when 
by-laws arc laid down in reasonably precise 
language there frequently arise difficulties 
of interpretation. London is, perhaps, 
the most notable example. The London 
County Council is the responsible authority 
for drawing up sanitary by-laws. But 
these by-laws are administered by nearly 
thirty boroughs, and there are, in con- 
sequence, many varying interpretations 
by the officials of these boroughs. 

It ^ay happen, for example, that a 
master plumber is carrying out two 
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adjacent jobs, one on each side of the 
boundary of two boroughs. Although the 
by-laws are the L.C.C. by-laws, he may be 
‘ forced to execute identical work, in two 
entirely different ways. 

It is hoped that in time the existence 
of reasoned codes will have the effect of 
minimizing such hindrances to efficient 
and economical installations. 

Aims of the Specifications. The 
problems of the Institute were, therefor^ : 

1. To attempt to arrive at minima of sound 
practice. 

2. To meet the position that the Ministry of 
Health and the local authorities cannot be 
expected to complicate their by-laws by includ- 
ing matter specifying the detailed manner in 
which a good craftsman .-.hould carry out his 
work, once the by-laws have laid down the 
conditions for such work. 

Once by-laws are confirmed they are 
enforceable by penalty. The Institute 
draw especial attention to that position 
in the preamble, where they say : 

" This Specification does not, in general, deal 
with matters regulated or covered by pro- 
visions in the general law or ordinarily in the by- 
laws of local authorities, to which it is supple- 
mentary. Where there are local by-laws apply- 
ing to any particular work, they should always 
be consulted, since they, unlike this Specification 
— which is issued solely as a guide to sound 
practice for voluntary observation by plumbers 
— are legally enforceable.” 

These Sp)ccifications are thus • to be 
regarded as a code and, generally, as the 
expression by experienced craftsmen of 
their attitude to the problems covered. 
They do not, of necessity, represent in ail 
respects what the Institute in certain 
circumstances might regard as the best 
practice. They are “ minima " and are 
compromises arrived at by a committee 
deliberately composed of representatives 
from areas with differing conditions. 

No. 1 (revised in 1938 and 1948 after 
experience had made revision necessary) 
includes a detailed specification and 
drawings for the Combined or One-Pipe 
System of Plumbing." 

No. Ill, Drainage of Buildings (1948). 

No. IV, Installation of Hot and Cold 
Water Services (under revision, 1951). 
No. V (in preparation) External Plumbing. 

Finally the main object of the Specifica- 
tions is to encourage an approach towards 
uniformity in the subjects with which they 
deal, and to act as codes of reference in 
the working out of the details of plumbing? 
— H. Blackman, B.Sc, 

See Anti-Siphon Pipe ; Drains (Plate 4) ; 


Institute of Plumbers ; One-Pipe System : 
Soil and Waste Pipe, etc. 

MIXING VALVES. Valves used to 
mix hot and cold water so that the water 
delivered to a fitting is at any desired 
temperature. Occasionally steam is mixed 
with the cold water to warm it. 

Mixing valves must have three con- 
nexions : two inftts for the hot and cold 
liquids and one outlet fot the resulting 
mixture. The simplest type, therefore, 
consists of a metal chamber with two 
inlets, each controlled by a valve, the out- 
let being uncontrolled. By opening the 
valves as required, any desired propor- 
tions of hot and cold water may be ob- 
tained. Such a valve has the disadvantage 
that the user may be scalded if the hot 
valve is opened first. To avoid this use a 



MIXING VALVES. Fig. I. Valve ihorizontal section) 
with separate levers to open hot and cold inlets, but 
in which hot cannot be opened first. 


mixing valve (Fig. i) in which the hot 
valve cannot be opened first, nor opened to 
a much greater extent than the cold valve. 

Single-Control Taps. The ,, valves 
so far mentioned have the disadvantage 
that two controls arc necessary and these 
controls are to an extent interdependent. 
As one control is opened it not only 
increases its own flow but reduces that 
from the other. To overcome this defect, 
single-control mixing taps are now almost 
universal for private use. Orke method 
by which this effect may be obtained is 
shown in Fig. 2. Cold water enters at the 
bottom and hot at the top. . The mixing 
valve itself is the hollow plug, which 
includes two slots. When the plug is 
turned by means of the handle one slot un- 
covers the cold water opening; as the handle 
is turned further the second slot uncovers 
the hot water inlet, and with^ still further 
turning the first slot is moved beyond the 
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additional refinement which com- 
pletely prevents scalding is the 
fitting of a thermostatic control. 
In this case, if the water exceeds ^ 
set temperature, the valve outlet 
is closed bv means of a bellows 
containing a heat-sensitive fluid. 
The bellows is contained in the 
body of the valve. 

It is particularly important with 
single-control mixing, valves to 
have hot and cold water at equal 
pressure ; otherwise there is a 
tendency for creeping to take place 
round the plug shown in Fig. 2, 
so that hot water enters the cold 
water system and vice versa. ' 

MIXING VALVE. Fig. 2. Valve having single-control mixing tap: Alcn wlion flip vnlvp iq nnpntpH 
vertical sections taken at right angles to one another. WUCn IIU \ aiVt IS OpCKUtO, 

if there is a great dilference in 



cold water opening, so closing the latter. 
The mixed water flows past the jumper to 
the outlet. The jumper is lifted from its 
scat by the first movement of the handle. 
Some valves incorporate the plug only. 

It will be evident that operation of the 
i Kindle produces first cold water, theft 
tepid, and finally hot. vSuch valves are 
often termed anti-scalding," since it is 
impossible to have hot water flow at the 
beginning of the handle operation. An 


water pressures that at the lower pres.sure 
will be lu‘ld by the water at the higher 
pressure, so that the low pressurt^ water 
cannot flow. If, for example, the hot 
water is at the higher pre.ssure, when 
its inlet is uncovered the cold water flow 
wall almost stop, resulting in a considerable 
and rather sudden rise in the temperatuni 
of the issuing water. — L. C. C. Rayncr, 

See Bath; Bidet; Lavatory Basin; Taps. 


MODEL BY-LAWS: MINISTRY OF LOCAL GOVERNMENT 

By W. T. Creswell, K.C., Formerly Vice-Pres. R.San.l. and K. Miller Jones, M.A., LL.B. 

Summarizing the most important provisions of the By-Laws and drawing attention 
to points that especially concern the Plumber and Sanitary Engineer. Many of 
the subjects named it. *1,6 sections are 'ealt with elsewhere in this work under 
their own headings, both legal ai.v practical notes there being given. 


The following model .series of by-la vs 
which [among others) have been issued 
bv the Ministry of Local (iovernment and 
Planning affect sanitary administration. 
The more important are quoted. Techni- 
cal details concerning specific fittings and 
n'quirements appear under many headings 
such as Ball Valve ; Baths ; Factories ; 
Water Cleset ; Urinal. 

Series III. Common Lodging Houses. 
(Made under Section 240 f the Public 
Health Act, .iqab.) 

By By-law 5, a keeper of a cpmmon 
lodging house must maintain in efficient 
order and in wholesome condition (a) the 
s'tructure of every water closet ; (b) the 
apparat’is of such, and every drain or 
means of drainage with which it may 
communicate ; (c) every earth closet or 


privy, etc. ; and [li) all apparatus pro- 
vided or used in connexion with the latter. 

Series IV. Buildings. The following 
matters are of gn^at importance to the 
sanitary engineer. 

Water Closets must have a pan, basin, 
or other receptacle of non-absorbent 
material and a flushing apparatus that 
wall sgjcure the prompt and effectual 
flii.shing and clcan.sing of the pan. Only 
the flushing apparatus may be connected 
with a water supply or distributing pipe. 
No container must be fitted under the 
pan. " I) ” traps are prohibited on 
sanitary grounds. A water closet dis- 
charging into a soil pipe which receives 
1:he discharge from another w.c. or from a 
bath,, sink, bidet or lavatory basin must 
have its trap ventilated by a 2-in. pipe, 
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3 inches and not more than 12 inches 
from the highest part of the trap, with 
an open end as high as the top of the soil 
^^ipe, or carried into the soil pipe itself 
^ ft. above the highest connexion ^o that 
pipe. ' (By-law no). 

Urinals, A urinal ih a building with a 
water supply must have a basin, stall, 
trough, etc., of non-absorbent material, 
with an efficient grating to its outlet. 
Every urinal must have a suitable and 
effective flushing apparatus, and only thi 
flushing apparatus itself must be connected 
with a water supply or distributing pipe. 

A ventilating pipe must be provided to 
the trap of every urinal which can be 
entered only from with* a a building, and 
which discharges into a soil pipe which re- 
ceives also the discharge from another urinal 
or W.C., bath, sink, etc. This pipe must 
comply with the dimensions given for a 
similar pipe in connexion with a w.c. (see 
above). (By-law in.) 

Water Tanks and Cisterns. A tank or 
cistern for storage of rainwater for human 
consumption must have a minimum 
capacity of 1,500 gallons. It must be pro- 
vided with an overflow pipe, and the draw- 
off pipe must be 3 in. above the bottom. 
If wholly above ground level it must have 
a proper cover. If wholly or partly below, 
it must be constructed of brick, concrete 
or other suitable material made impervious 
and all pipes must have watertight joints. 
If the tank or cistern lias a fixed caver, this 
must have an iron manhole cover, and 
means of ventilation. (By-law 118.) 

Flue Pipes for Geysers. These must have 
a diameter equal to that of the flue spigot 
at the top of the geyser. The pipe must 
have a baffler, and discharge the fumes 
either into a chimney not communicating 
with any other room, or into the open air. 
If both are impossible, the discharge must 
be into a space,, freely ventilated, below the 
roof. No geyser must be fitted into a room 
without a window that can be opened. 
(By-Law 121.) 

Series XIII. For Securing the 
Improvement of Housing Conditions* 

(Section 6 of the Housing Act, 1936). 
Among other things, every owner of a 
house occupied or suitable for occupation 
by the working classes, must provide closet 
accommodation, a supply of water for 
domestic use, and accommodation for* 
washing clothes. He must also.kepp in 
good repair all means of drainage, and 


every closet, sink, and bath, and provide 
and maintain in connexion with every tap 
from which water may be drawn efficient 
means for carrying off waste water. He 
must also provide every closet with 
efficient means of ventilation directly into 
the external air |nd, if the closet is not 
directly entered from the external air, 
provide a windo^ of not less than 2 ft. 
super opening into the open air. 

Series XIII B made under the same 
section relates to houses of a similar type 
which are let in lodgings or occupied by 
members of more than one family. In ad- 
dition closet accommodation and supply of 
water must, where necessary, be provided 
for every family and every part of the house 
occupied as a separate dwelling. 

Series XVII. Tents^ Vans, Sheds, 
and Similar Structures Used for 
Human Habitation. (Public Health 
Act, 1936, Section 268). 

The occupier of a tent, etc., must, when 
the structure is used for human occupation, 
maintain in good order, and in a reasonably 
dean and wholesome condition, any privy 
accommodation for which he is responsible. 
The occupier of any land on which he 
allows any tent, van, etc., used for human 
habitation to be erected, brought or used, 
must supply sufficient water, and, if a 
nuisance is likely to arise from the want 
of it, sufficient privy accommodation and 
means for the disposal of waste water. 

Series XXL For Preventing the 
Waste, Undue Consumption, Misuse 
or Contamination of Water. (Made 
under the Water Act, 1945, Section 17). 

Under the interpretation part of the 
Series is an important definition of 
** corrosion-resisting alloy.” It mfeans an 
alloy which is highly resistant to corrosion 
by the water supplied, and which has a 
tensile strength of not less than eleven 
tons per sq. in. of sectional area. 

Pipes (By-laws 7 to 19). Lead pipes must 
conform to British Standards specifications 
(7) ; and joints must be plumber’s or 
equally suitable (9). Cast-iron and copper 
pipes must also conform tp the above- 
mentioned standards (ii, 13)^ while pipes 
ol other materials must be of sufficient 
strength for working conditions. Wrought 
iron or steel pipes must be protected (12), 
and underground pipes (not beneath a build- 
ing) must be 2 ft. 6 in. from the surface (18). 

Stop Taps. Supply pipes must have 
stop taps placed tetween the main and 
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nearest point at which water can be 
drawn from the supply pipe, at a con- 
venient and accessible position (22, 23). 
Underground stop taps must be ade- 
quately protected. 

Taps and Valves, Every tap must have 
a pressure resistance 300 lb. to the 
sq. in. (25), and every valve, spindle and 
other internal part and,%here the nominal 
size of the tap does not exceed 2 inches, 
the body thereof must be made of a 
corrosion-resisting alloy (25). 

Ball Valves. The Portsmouth type must 
in general conform to B.S. 1212 (1946). 
Those not of the Portsmouth pattern must^ 
if for high pressure, close against a test 
pressure of 200 lb. per sq. in. For medium 
pressure and for low pressure the pressures 
are 100 lb. and 40 lb. per sq. in. respectively 
(26). When fixed, the size of the orifice, 
the float, and the length of the lever arm 
must be so adjusted that, with at least 
half the volume of the float above water 
level, the valve is watertight against the 
highest pressure it is required to sustain 
(26). No part of the ball valve body 
must be submerged at overflowing i)oint. 
If a pipe discharges water from a ball 
vaWe into a cistern at a point below 
ovei flowing level, an air hole must be made 
in the pipe above that level to prevent 
siphonage back through the valve (28). 

Cisterns. Storage cisterns must be 
watertight and constructed as prescribed 
(33). Storage cisterns must be properh^ 
covered (35), and must not le.ss 

than 25 gallons (37) ; they must, generally, 
not be buried (40) or placed where liable 
to contamination (35). 

Hot ^Water Apparatus if not supplied 
from a cold water feed system requires a 
tap, but this does not apply to gas 
heaters of the t3^pes stated (41). 

Baths and Lavatory Basins, Inlets and 
outlets must have watertight plugs or 
other suitable apparatus (51). 

Flushing Apparatus for Water Closets and 
Urinals must be provided 3). All pipes 
or fittings within a .building must be 
acces.sible (21). Persons laying, etc., 
supply pipes must allow the council (or 
company) to fit, and have access to, an 
additional stop tap (By-law 22). Seven 
days' notice must be given by persons who 
propose io use water supplied otherwise 
than by meter for operating apparatus of 


the types specified or for hosepipes, and 
three days' notice must be given before 
fixing or altering (otherwise than by way 
of repair or renewal) any water fitting ij>. 
connerion with any existing supply. 

MONEL METAL. Certain unfamiliar 
alloys arc now finding increasing uses in 
the plumbing and sanitary engineering 
trades. In particular, the alloys of nickel 
pro\dde unusual properties iji that not 
»nly do they combine high strength and 
high ductility, but they possess in addition 
exceptional resistance to corrosion by 
many liquids, especially salt water. Monel 
metal is composed of nickel and copper 
essentially, but minor impurities such as^, 
iron, silicon, and magnesium may also bt^ 
present. The following analysis is t^^pical 
of Monel used for tubing in the plumbing 
and allied trades : 


Copper 


t 

. . 31-9 per cent 

Nickel 



.. 671 

iron . . 



04 

Silicon 



.. o.i 

Carbon 



. . 0 05 ,, 


This alloy is therefore composed approxi- 
mately of 70 per cent, nickel and 30 per 
cent, copper. Nickel and copper arc often 
found associated in nature ; in Ontario, 
Canada, the nickel ores are such that 
when smelted an alloy containing about 
70 per cent, nickel and 30 per cent, copper 
is obtained. To this alloy has been given 
the name Monel, but it will be clear that 
owing to slight variations in the ore minor 
fluctuations may be expected in the com- 
position of the resulting alloy. These 
variations in composition are so small 
that appreciable differences in properties 
of Monel metal need not be feared. 

When cast, Monel metal has a cored 
structure and is thus not uniform in 
composition ; analyses as ordinarily made 
do not reveal these differences in com- 
position, which can only be observed by 
microscopic examination. This non-uni- 
formity can be removed by annealing, so 
the t since copper and nickel arc com- 
pletely soluble in one another the structure 
of the annealed m.etal is exactly similar 
to that of a pure metal. As such it is 
therefore far more resistant to corrosion 
than in the cast condition. Hence Monel 
metal tubes are frequently specified for 
•conveying hot water — as, for instance, in 
the case of tubes for boilers where corro- 
sive conditions exist. 
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Monel metal can be worked readily, 
can be forged hot and can be worked cold. 
It has exceptional mechanical properties 
^ vhich combine high strength with good 
ductility, and the strength of the hlloy is 
of course greatly enjianced by drawing 
into wire form. Average values for the 
cast metal are 22 tons/sq. in. in tensile 
strength and 15 per cent, elongation ; while 
after drawing into wire a tensile strength 
of 60 tons/sq. in. may be expected. <5 

In the form of wire. Monel metal pos- 
sesses also the valuable property of resi- 
lience and of high elastic limit, and hence 
is often adopted for valves of steam engines 
^and for numerous sinr ^ar applications 
depending upon its resistance to corrosion. 
Although the initial cost of Monel fittings 
is invariably higher, this disadvantage is 
completely offset by the greatly increased 
life obtained, so that cost should not be 
a deciding factor in considering this metal 
for any purpose for which it is specially 
suited. 

Monel metal can be machined easily, 
will take a fine thread, but is stated to be 
more troublesome to machine when cast 
than after annealing. This i^ to be 
expected, since annealing brings about 
the removal of local non-uniformity. 
Emphasis must here be laid upon the 
fact that nickel alloys in general are 
susceptible to attack by gases containing 
sulphur, such as flue gases. The 
mechanical properties are considerably 
impaired and the ductility is very greatly 
reduced, so that in any form of heat- 
treatment given to Monel metal — whether 
it be for annealing, for forging, or for 
brazing or welding — fuels of low sulphur 
content must be used. 

Monel metal may be readily soldered, 
brazed and welded, both to itself and to 
other non-ferrous alloys, but scrupulous 
cleanliness is essential to obtain good 
results. 

As to uses, Monel metal is adopted in 
the plumbing and allied tr ides • chiefly 
for components of hot-water systems, as 
tubes in condenser plants ; for fittings 
and components of pumps ; for nozzles 
and valve bodies, particularly where 
corrosive liquids such as salt water are to 
be conveyed. — W, F. Chubb, Ph.D,, B.Sc. 

Alloy ; Copper ; Nickel. 

MOT OR» ELECTRIC A machine for 
converting electrical into mech&nical 
energy, consisting essentially of a fixed 


and a rotating part, each capable of 
setting up a magnetic field ; the • inter- 
action between the two fields causing a 
torque to be developed at the shaft of 
the machine. In heating and sanitary 
engineering and ventilating work they are 
employed for nwiny purposes, as for 
accelerators, fans, pumps, etc. 

Electric motors# may be divided broadly 
into those that will operate only on 
Direct Current, those that will operate 
only on Alternating Current, and 
" universal " machines, or those that will 
operate on either. 

Direct Current Machines. In the 

direct current machines the stationary 
part is known as the field system (or 
“ field "). This consists of a cast-iron or 
steel yoke to which the magnetic pole or 
poles are fitted. In certain small machines 
for special purposes (for example, those 
used in certain types of wind-screen 
wiper), these poles may be permanent 
magnets, but otherwise it is more usual 
fpr them to be electro-magnets. In 
these last-named a solid iron core cast 
integral with the yoke, or a core consisting 
of thin sheets or laminations of magnet 
steel riveted together and fastened to the 
yoke by studs, is magnetized by a coil of 
insulated copper wire or strip fitted over 
it and carrying an electric current. The 
winding is known as the exciting coil or 
field winding. 

The pole cores carry pole shoes for 
distributing the magnetic field (or flux). 
These shoes may be detachable, in which 
case the winding is placed over the core 
before the shoe is bolted in position ; or 
they may be integral with the core, in 
which case the coil is slipped over the 
pole before it is bolted to the yoke. The 
direction of the winding is so arranged 
that the poles are alternately north and 
south. Small machines usually have the 
minimum number of poles : one north 
and one south. 

The rotating portion is cklled the 
armature : this consists of a number of 
thin stampings of magnetic steel of such a 
shape that when pressed on to a steel shaft 
a number of slots are formed on the 
periphery, in which the armature coils 
are placed. In , very simple machines 
these slots are absent and the winding 
lies on the surface. Most armature cores 
are also* provided with ventilating channels 
parallel to the shaft, and larger machines 
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have radial ventilating ducts as well. 

Also fitted on the armature, shaft is the 
commutator. This consists of a number 
of copper segments insulated from one 
another by mica strips and arranged to 
form a cylindrical surface. The coils are 
connected to the commutator segments in 
a certain set order by swea'ting their ends 
to risers from the segments. Pressing on 
the commutator are one or more pairs of 
spring-loaded carbon brushes, whose 
function is to transfer current from the 
fixed to the movable portion ; and, in 
conjunction with the commutator, to 
ensure that the current in the armature 
coils is in the right direction at all times. 

As a coil passes from the sphere of 
influence of one pole to the next it is 
necessary for the current in the coil to 
reverse its direction : this reversal takes 
place when the commutator segment to 
which the coil is connected passes under a 
brush. On larger machines this reversal 
would be accompanied by sparking at the 
crushes ui'icss special precautions were 
taken. In the older types of machines the 
brushes were mounted on a rocker/' 
which enabled the position of the brushes 
to be changed with variations in the load, 
but the usual practice at the present time 
is to keep the brush position fixed and 
to fit in between the main poles smaller 
p)oles (known as interpolcs), whose function 
is to suppress the tendency to sparking. 
These coils carry the same current as the 
armature. The armature shaft rotate, 
in ball, roller or sleeve bearings. 

Direct current machines are divided 
into three types (shunt, series, or com- 
pound)* according to the manner in which 
the field winding is connected. Li all these 
the windings on each pole are connected in 
series ; this leaves two ends unconnected. 
In the shunt machine, whose field wind- 
ings consist of a large number of turns of 
fine wire, these ends are connected directly 
across the armature via the brushes and 
take the Tull line voltage. The field wind- 
ing of the series machine ''onsists of a 
relatively few turns of heavy gauge wire 
or strip, one* end of which is connected to 
the armature connexion, and tlfe other 
directly to the line ; as the field is con- 
nected in series with the armature it 
carries the full line current. In the com- 
pound machine there are two distinct 
windings (aC series winding and a shunt), 
and each pole carries two coils. Depending 


on the point of connexion of the shunt 
winding, the machine is known as a long 
or short shunt. 

The shunt machine runs at practically 
constarrt speed at all loads ; on a welt- 
designed machine the speed falls ' only 
slightly with increasfe in load. The speed 
of the series machine, on the other hand, 
varies considerably with the load. When 
the load is heavy the speed is low, and 
vice versa. This class of machine has a 
good starting torque ; that is to say, it is 
capable of starting against a heavy load 
(whereas the shunt machine is not). Con- 
sequently the series machine is used for 
traction purposes and for operating lifts. 
The compound machine has characteristics ^ 
intermediate between the shunt and series 
types. 

The resistance of the armature winding 
is very small, and if a motor is switched 
directly on to the line there is at first a 
very heavy rush of current. When the 
armature starts to rotate, a voltage is 
generated in it which opposes the applied 
voltage and consecpiently causes the 
armature current to fall to a normal value. 

Fractional horse-power machines (and 
the usuil run of machines used for 
domestic purposes are included in this 
class) may be switched directly on to the 
line, but larger machines must be connected 
through a starter. This puts a resistance 
in the armature circuit, which limits the 
current at tlie start. As the speed of the 
machine increases, the resistance is gradu- 
ally cut out. The terminal connexions are 
usually clearly marked on the starter (L for 
line, F for field and A for armature). The 
connexions for a face plate starter for a 
shunt machine are shown in Fig. 2. 
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Reversal of Rotation. 
The direction of rota- 
tion of a D.C. machine 
^ may be reversed by 
Changing over the leads 
to the armature or to 
the field (but not both). 

Speed Control : Shunt 
Machine. A resistance 
(field rheostat) is in- 
cluded in the field 



circuited. This msikes 
an extremely robust 
construction, and the 
rotor can develop no 
faults except mechani- 
cal ones. The wound 
rotor carries three 
separate windings con- 
nected to slip-rings on 
the rotqf shaft, which 
can be connected via 


circuit ; increasing the 
resistance increases the 
speed. 

Series Machine. A 
resistance (diverter 


MOTOR. ELECTRIC. Fig. 2. Connexions 
CO face plate starter for a D.C. shunt 
machine, with terminals marked : F, field 
coil ; A, armature ; L. line. The series- 
parallel circuit includes motor, voltmeter 
and ammeter. 


brushes to a three-phase 
starting resistance. 

The wound rotor 
type has better starting 
characteristics than the 


resistance) is placed in parallel with the squirrel-cage type, but the simplicity of 
field circuit. Reducing this resistance the latter commends it for many purposes, 
by reducing the current in the field- In both types the stator consists of a 
circuit, causes an increase in speed. number of laminations fastened to the 


Alternating Current Motors. There 
are far more types of .motors in this class 
than in the former one. Some of the more 
important types will be briefly described. 
In A.C. motors the fixed portion is called 
the stator, the rotating portion being 
termed the rotor. 

Synchronous Motor. This type runs at 
one fixed speed, the synchronous speed, 
the value of which is given by the formula 

R.P.Ms. = where / = the frequency of the 


yoke, having slots in which the stator 
winding is placed. Three and two-phase 
machines have as many windings as 
phases, but a single-phase machine has 
two, not necessarily identical, unless it is 
Upt required to be self-starting, then it 
has only one. 

It is a characteristic of polyphase 
motors that the supply of current to the 
stator sets up a rotating magnetic field 
which drags the motor round with it, 
but at a slightly lower speed. For this reason 


supply and P = the number of pairs of poles. two- or three-phase induction motors are 


Except in the case of a group of ultra- 
fractional motors of a special type, syn- 
chronous motors must be run up to 
synchronous speed by auxiliary means, 
e.g. by a D.C. shunt machine or by an 
induction motor. The special class of 
synchronous machine referred to above is 
used for self-starting electric clocks and 
similar purposes. There are several 
different designs ; in two of the most 
important, the machine is first run up 
to synchronous speed as an induction 
motor of the shaded pole type. 

Induction Motor. This is so called 


self-starting. In a normal single-phase 
machine the stator does not provide a rotat- 
ing field and the machine is not self-starting. 
The direction of the rotation of a polyphase 
induction motor can be reversed by 
changing over any two of the leads to the 
stator. Small single-phase machines can 
be started by hand, and the direction of 
rotation depends on the direction in which 
the rotor is first revolved. Small machines 
may be switched directly on to Une, but 
larger machines must have starters, 
which may be of the star-delta or tapped 
resistance, or the auto-transformer type. 


because there is no external supply to the 
rotor, and the stator field indiKBes the field 
in the rotor. Induction motors are 
divided into squirrel-cage rotor (S.C.R.) 
and wound rotor types. In the former, 
insulated copper or aluminium conductors 
are laid in slots in the rotor (which is 
somewhat similar to the armature of a 
D.C. machine), and the ends of the con-» 
ductors are welded to two metal rings so 
that the complete winding is' Aort- 


Single-Phase Machines. Various ex- 
pedients have been tried in order* to make 
single-phase motors self-starting. The 
split-phase type of machine has two 
Windings, one of which is fed through a 
resistance and the other through a con- 
denser. This has the effect of producing a 
two-phase field from a single-phase supply. 

In the capacitor-start induction motor a 
edpdenser is used for operating the starting 
winding'; this winding and cofidenser art 
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cut out of circuit by a centrifugal switch 
when the machine has run up to speed. 
It then continues to operate as an induc- 
tion motor. The capacitor-start-capacitor- 
run motor is similar except that a con- 
denser is included in the circuit even after 
the machine has run up to speed. This has 
a slightly better efficiency 4han the previ- 
ous type. It is suitable tpr reversing if the 
machine is firsj allowed to stop. 

A.C. Commutator Motors. Many 
different types of A.C. commutator motors 
are being developed, but it is not necessary 
to describe them here. The universal 
machine is an A.C. commutator of the 
series type similar in many respects to its 
D.C. counterpart (shunt machines are not 
suitable for A.C.). The A.C. variety is 
larger than the corresponding rating of 
D.C. machine, and added precautions have 
to be taken to laminate the whole of the 
magnetic circuit thoroughly. Special care 
has also to be taken to counteract sparking 
at the brushes. Small motors of this type, 
^*»hich may be switched directly on to the 
supply, are used for vacuum cleancra, 
electric washers, and similar donu'stic 
purposes. They have also been used for 
refrigerators, but as the commutator may 
cause wireless interference an induction 
motor of the capacitor type is better. — 
i?. A, Baynlon, B.Sc., A.MJ,L\E. 

M U NTZ M ETAL. The alloys of copper 
and zinc known as the*brasses reach their 
maximum strength with a composition of 
6o per cent, copper and 40 per cent, zin: 
This alloy is widely used under various, 
trade names, the most popular being muntz 
metal. Although stronger than either 
ordinap^ common brass or those brasses 
capable of being cold worked, it is less 
ductile and can in fact only be worked in a 
heated condition. It is thus used after 
drop forging or stamping for plumbing 
fittings and fixtures, such as brackets, and 
is also for high tensile strength bolts. The 
forging temperature is about 600° C., or a 
just visible red heat ; and when hot 
worked (as by forging) mun^z metal has a 
tensile strength of about 4c tons per sq. 
in. with an.elongatioh of about 20%. JLt 
can be machined easily. Like all. copper- 
zinc alloys over 55% copper it is liable 
to corrosion in contact with sea water, 
natural fresh waters and certain aqueous 
solution: due to dezincification. It is very 
resistant to sulphide solutions and the 
atmosphere. See Alloy ; Brass. 


NATIONAL INSURANCE ACT. 
1946, In this Act, which came into opera- 
tion on July 5, 1948, all social services 
which involved cash payments to insure^., 
persons, and which previously operated 
under the National Insurance Acts, the 
Unemployment Insurance Act, and the 
Widows, Orphans and Old Age Pensions 
Act, are dealt with under one system of 
administration. 

The Act is based, with somh modifica- 
tions, on a report of a committee under the 
chairmanship of Sir William Beveridge, 
published in 1942, and on a Government 
White Paper published in 1944. 

Contributions are made to a National 
Insurance Fund by insured persons, em-< 
ployers, and the State, and all moneys in 
respect of health services for insured 
persons are paid out of this fund. 

Persons who must be insured persons 
under the Act con^prise all who are be- 
tween the school-leaving age of 15 years 
and the pensionable ages of 65 years for 
men and 60 years for women, without dis- 
tinction between the sexes or between 
persons who are employed, self-employed, 
or non-employed. All persons employed 
under ahy contract of service or appren- 
ticeship are insurable irrespective of 
the work they do or their income. 

Provision is made in the Act for pay- 
ment to insured persons in the following 
circumstances : benefits to widows ; for 
unemployment ; in case of sickness ; for 
maternity ; for retirement pensions ; 
allowances to guardians of orphans ; and 
a death grant. 

Administration of the scheme is carried 
out by the Ministry of National Insurance, 
who have set up a large number of 
local offices for the administration of the 
provisions of the Act. 

Industrial injuries arc not covered by 
this Act, but compensation is provided for 
in these cases by the National Insurance 
(Industrial Injuries) Act, 1946 {which see) 
by replacing the Workmen's Compensation 
Aris. Medical benefit is, however, provided 
under the National Health Act, 1946. 

NATIONAL INSURANCE (IN- 
DUSTRIAL INJURIES) ACT. 1946. 

This is a most important Act affecting 
workmen and makes revolutionary changes 
in legislation affecting compensation for 
* injuries. 

The 'Workmen's Compensation Acts 
were consolidated in the Act of 1925, but 
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there were ten subsequent amending Acts 
up to 1945. Now, the whole is covered by 
the new Act with the radical difference 
Jthat compensation is paid out of a National 
F*iiind and not by the employer, and is in 
effect 'a compulsory insurance scheme. 

The Act is administfered by the Ministry 
of National Insurance ; contributions are 
paid into an Industrial Injuries Fund by 
employers, employees, and the State; and 
out of this fund benefits are paid in respect 
of personal injury caused by accident aris- 
ing out of and in the course of a person's 
employment, and disabilities caused by 
the nature of a person's employment and 
purposes connected therewith. 

With certain specified exceptions all 
persons emploj^ed under any contract of 
service or apprenticeship are in “ insurable 
employment," irrespective of the work 
they do or the income they receive. Apart 
from excepted persons, there are also 
excepted employments. 

Contributions. Every person in insur- 
able employment, and every employer of 
such a person, unless specifically exempted, 
is liable to pay equal weekly contributions 
on the following scale : ^ 

Men over 18 years 4(1. Employer 4d. 

Women over 18 years 3d. Employer 3d. 

Boys under 18 years 2jd. Employer 2}d. 

Girls under 18 years 2d. Employer 2d. 

Contributions to the fund must also be 
made out of moneys provided by^ Parlia- 
ment, estimated to be equal to one-fifth of 
the aggregate amount paid as above. 

An employer must, in the first instance, 
pay both his own and his employees' con- 
tribution ; the latter may be recovered by 
deductions from wages, but it is illegal for 
the employer to deduct the amount of his 
own contribution in the same way. 

Benefits. Under this Act benefits are 
related to the degree of disability suffered 
and not to loss of earning power. It is the 
purpose of the Act to ensure that wholly 
or partially disabled persons actually re- 
ceive a payment corresponding tp their 
needs. 

There are three types of basic benefit : 

(1) Industrial Injury Benefit, referred 
to as " injury benefit." 

(2) Industrial Disablement Benefit, re- 
ferred to as " disablement benefit." 

(3) Industrial Death Benefit, referred to 
as " death benefit." 

Injury Benefit is payable in respqpt of 
incapacity to work, and is intended to 


cover the initial period of incapacity up to 
156 days, excluding Sundays, from the 
day the injury was sustained. If the in- 
capacity extends beyond that period the 
benefit is changed to disablement benefit. 

No injury benefit is payable in respect 
of the first three days unless the insured 
person is incapable of work on not less than 
twelve days, which need not be consecutive. 

Disablement Benefit is payable where 
the insured person is : (a) still incapable 
of work after the injury benefit period ; 
and (b) after he is capable of returning to 
work but continues to suffer loss of mental 
or physical faculty to a specified degree. 
The term “ loss of physical faculty " 
includes disfigurement. 

Death Benefit is payable where the in- 
jury results in the death of the insured 
person, and the persons who may receive 
the benefit are the deceased’s widow or 
widower, a person whose family includes 
a child or children of the deceased ; ^ 
parent, relative, or woman having the care 
of his children, providing they were main- 
tained by the deceased. 

There are a number of exceptions and 
qualifications to be complied with before 
any person is held to be entitled to receive 
death benefit. 

In addition to the above basic benefits 
certain other benefits may also be payable 
in non-fatal cases. 

If a person is likely to remain perman- 
ently incapable of work through loss of 
faculty he may have an " unemploya- 
bility supplement " added to his disability 
pension for a given period. If he is incap- 
able of following his previous employment 
or some employment of an eqiyvalent 
standard, his disability pension may be 
increased for any period in respect of which 
he is not eligible for the unemployability 
supplement. 

A disability pension may be increased 
in respect of constant medical attendance, 
where free treatment at a hospital or in- 
stitution is not being received,* but the 
original pension is not reduced while the 
insured person is in such hospital or 
institution. 

Incregises in benefits may be made in 
respect of dependants of the insured 
person, under given circumstances. 

Determination of Questions. In the 
first instance, all claims to benefit must be 
made to Insurance Inspectors appointed 
under the Act, but there is a right of appeal 
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against their decisions to a local Appeals 
Tribuhal, consisting of equal representa- 
tion of employers and insured persons with 
a chairman appointed by the Minister, and 
in proper circumstances the appeal may be 
taken further, to the Industrial Injuries 
Commissioner appointed by the Crown. 

The Insurance Inspector may consider 
that a “ special question^* arises as follows: 

Special Questions may be whether a 
person was in insurable employment within 
the meaning of the Act ; whether there is 
any exemption from payment of contribu- 
tions ; who is liable to pay contributions 
as an employer ; the rate of payment of 
contributions ; whether any increase of 
disablement pension is allowable, and ; 
what limitations there may be on payment 
of death benefit. The above special ques- 
tions arc to be determined by the Minister. 

There are other special questions relat- 
ing to : loss of faculty ; the degree of dis- 
ablement resulting therefrom, and ; the 
period to be taken into account. These 
latter qu< .^tions may be cleterinincd by^a 
Medical Board or Medical Appeal Tribunal. 

A considerable change from the pro- 
visions of the Workmen's Compensation 
Acts is that benefits now cover injuries 
leccived by an insured person who at the 
time of the accident may have been con- 
travening statutory or other regulations 
applicable to his employment. 

Benefits may also be paid if the person 
is injured when travelling to or from work 
in transport provided by the employ 
and with his express or implied permission 

If, while in or about his employer's 
premises, an insured person is injured in an 
attempt to rescue or protect other persons, 
or to avert or minimise seriouL damage to 
property, in an actual or supposed emer- 
gency, he may be eligible for benefit. 

The above is a simplified account of the 
main outline of the effect of the Act upon 
employLi s and employees. The actual pro- 
visions are more complicated, and the Act 
also provides for the making of Regula- 
tions on a number of po’its. It will be 
essential, therefore, tp refci to local Insur- 
ance Inspectors in all cases of doubt. • 

It must be emphasised that -this Act 
entirely supersedes from July 5, iq/jS, the 
whole series of Workmen's Compensation 
Acts. As stated under Employers' Liability . 
(whic^! i&e) there still remain certain minor 
considerations of insurance for 'the em- 
ployer.-B. G. Phillips, FJ.A .S., M,R.$anJ. 


N ickel. The general properties of 
nickel which have made it prominent 
as a material for plumbing fixtures and 
fittings are its relative hardness, i1;.s^ 
strengfh and toughness, and the fact also 
that it acquires a surface of high decora- 
tive value when polished. Nickel also 
possesses good corrosion resisting proper- 
ties, but is inferior to chromium (see 
Chromium Plating), since as a deposit it is 
somewhat porous. 

In plumbing and house decorating nickel 
is mainly used in the form of a protective 
coating on base metals such as brass, the 
bright metal being deposited in order to 
withstand the corrosive action of moist 
atmospheres. Unprotected fittings, ancf 
particularly those directly exposed out- 
doors to weathering influences, rapidly 
tarnish and this action ultimately leads 
to surface pitting and loss of decorative 
value. This trouble is, however, overcome 
to a large extent by nickel-plating the 
articles so exposed ; this electro-deposi- 
tion usually involves a preliminary coating 
of copper in order to increase the power 
of adhesion of the nickel, which is later 
appliedj^y electrolytic methods. 

Nickel deposits, however, tarnish fairly 
rapidly in moist atmospheres as compared 
with chromium deposits, and hence such 
fittings have to be polished frequently, 
whereas chromium deposits need merely be 
washed at intervals in order to restore their 
surface lustre and decorative value. For 
this reason nickel-plated fittings, though 
less expensive than chromium-plated fit- 
tings, are not so satisfactory. (See under 
Chromium Plating for discussion of com- 
parative virtues of the two metals.) 

Nickel is now being used as a cladding 
material for steels, a layer of pure nickel 
being bonded to the steel during manu- 
facture. The composite plate is formed by 
pressure- welding the nickel to the steel 
slab in a rolling mill at a temperature 
exceeding i,oooX. Metallic arc welding 
i<3 u.sirally adopted when nickel-clad steel 
L used for pressure vessels and the like. 

Defects. The chief fault with the 
cheapen grades of nickel-plated fitting^ 
is their tendency in time to peel. This 
may arise from two main causes : in the 
first place, improper conditions of electro- 
deposition cause the production of a 
relatively non-adherent nickel deposit ; 
secdhdly, the omission of the preliminary 
copper deposit (which is often done to 


709B 



NICKEL 


reduce production costs) and the direct 
plating of nickel, especially on iron and 
steel parts, results in lack of adhesion and 
*t]ie nickel so deposited invariably peels 
off Ij^ter in use. There are also other 
reasons for the peeling, but these are of a 
purely metallurgical character. 

A further disadvantage of nickel is that 
it is considerably softer and less resistant 
to wear than chromium. 

Alloys. Nickel is employed as an 
addition to certain alloys used in making 
household fittings, such as taps for the ' 
bathroom. It is often added in small 
amounts to brass and gunmetal to pro- 
vide a stronger and tougher alloy. Alloys 
containing nickel* are generally more 
resistant to corrosive influences, and thus 
many of the alloys used in water systems 
contain measurable quantities of nickel. 
It is also a major constituent in nickel or 
German silver (see Alloy) and Monel metal 
(which see). — W. F. Chubb, Ph.D., B.Sc. 

NOISE. Annoyance caused by undue 
noise in plumbing systems and its preven- 
tion, particularly in flats, is considered in 
Building Study No. 4, “ Plumbing."' See 
Suppt., Vol. 3. 

NOTICE OF WORKS. For the 

purpose of ensuring that drainage and 
plumbing work shall be carried out in a 
satisfactory manner, Acts of Parliament 
empowered the making of By-laws with 
this object in view. Sanitation within the 
County area of Lpndon is governed by 
revised By-laws made in 1934 by the 
London County Council, under Section 202 
of the Metropolis Management Act, 1855. 

It is important to note that under 

Interpretation of Terms " “ drainage 
work " means “ any pipe, drain or other 
means of communicating with sewers 
and any trap or apparatus connected 
therewith.” This definition covers'a very 
wide range and includes all sanitary fit- 
ments, together with all pipes connected 
thereto. The definition of " builder ” 
means “for the purpose of By-law 
No. 14 relating to the deposit of plans 
... the builder, contractor or person 
intending actually to execute suqh iWork, 
but does not include a workman in the 
employ . . .of such . . .person.** The 
plumbing sub-contractor on a large job, 
or a plumber with a small jobbing business . 
is, therefore, held responsible for notifying 
the local authority of proposed alteration, 
additions or repair to “ drainage work.*' 


By-Laws. The following is a summary : 

Alteration, reconstruction and repair. No 
alteration, partial or entire reconstruction, or 
repair of any drainage work . . . shall be made 
that . . . will not be in conformity with these 
by-laws. 

Plans and notices of drainage work. Deposit 
of plans, etc., of ..drainage work. Every person 
about to construct, reconstruct, or alter any 
drainage work shalj, deposit ... in duplicate 
with the sanitary authority . . . such plans, 
sections and block plan . . . ihade on cloth or 
linen, and such detailed description and parti- 
culars ... as may be necessary for the purpose 
of enabling such authority to ascertain whether 
such construction . . . will be in accordance 
with . . . the by-laws. The plans, sections, 
detailed description . . . shall be signed by. or 
on behalf of, such person, and deposited seven 
days . . . before such construction, . . . and in 
the case where such construction is in connexion 
with a building to be erected, seven days . . . 
before commencing the erection of the building. 

Drawings and Particulars. The 

details of the plans, sections, and particu- 
lars required are as follows : 

The scale of drawings, plans and sections 
shall be not less than one inch to every 
sixteen feet. The position of all soil 
and waste water fitments must be in- 
dicated. The fall of every drain, and the 
position and size of every drain, means of 
access (usually manholes), trap, gully, 
soil pipe, waste pipe, ventilating pipe and 
rainwater pipe. The height of chimney 
or window within a distance of twenty 
feet from a soil pipe or ventilating pipe. 
The level of the lowest floor in relation 
to the street level. The level of any 
yard, area, ground or open space in con- 
nexion with such building. The scale to 
which such plans are drawn. The block 
plan scale shall not be less than i in. to 
every 88ft., and shall show the premises in 
which the proposed work is to be carried 
out, and also adjoining premises. The 
names of the streets in the immediate 
vicinity should be shown so as to indicate 
its relative position in that part of the 
district. Although the block plan should 
show proposed and existing drains, they 
are usually shown on the larger scale plan. 

The particulars required should describe 
the general mode of^ construction, such as 
the material for drains, soil* and waste 
pipes and their joints. Notice, in writing, 
that the work is about to commence 
must be given 24 hours before the work is 
started. In urgent' cases, notice in writing 
shall be given that work must be com- 
menced ' forthwith, and plans shall be 
deposited within 15 days. 
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No plans need be deposited in the case 
of a repair which does not involve altera- 
tion of any drainage work. 

Penalty. The penalty to which a 
builder is liable in not giving notice or 
despositing plans, etc., is Two Pounds for 
each offence, and a continuing penalty of 
Twenty Shillings per day 'after written 
notice of the offence is giyen. 

The Ministry j^f Health Model By-Laws 
are somewhat similar, while the penalty 
is extended to Five Pounds on conviction 
and Forty Shillings per day as a con- 
tinuing penalty. — F. C. Cook, M.RSan.I., 
R,P, See London County Council By-Laws ; 
Model By-Laws, 

NUISANCE. A nuisance has been 
defined as anything which worketh hurt, 
inconvenience or damage to any person. 
Nuisances may be broadly divided into : 

(a) Acts or omissions which obstruct or cause 
inconvenience or damage to the public in the 
exercise of their rights, as when A blocks up a 
public highway ; 

(b) Acts or omissions which are treated as 
11' usances by Statute, as wlu;n A permits any^ 
pond, pool, ditch, or gutter to become a 
nuisance ; and 

(c) Acts or omissions connected with the user 
or occupation of land, and which cause damage 
to another user or occupier of land, as where 
A carries on an offensive trade next door 
to B. 

A person cannot bring an action for 
damages for a public nuisance unless it 
has inflicted some peculiar damage to 
himself. Nor can he sue a public authority 
for nonfeasance, that is, the omission of 
something the local authority should have 
done. He can, however, sue for mis- 
feasance — that is, the doing of a lawful 
act by tpe local authority negligently, as, 
for instance, if a trench were dug in a road 
and he were injured thereby. 

A person injured by a nuisance may 
bring an action against the wrong-doer — 
that is, the one who causes it — for dam- 
ages for injury alone, or for a claim for an 
injunction as well. The damages payable 
must be ^ch as will compensate for the 
loss sustained as a result of the wrongful 
act. An injunction will onl^ be granted 
to restrain the continuance of a nuisance 
when the injury done by the nuisance is 
substantial, or when it is a continuing or 
recurring one. It will not be granted for 
anything which is trivial or temporary. 

In cert iin circumstances it is possible 
for the person aggrieved to abate the 
nuisance himself, but in general it is unwise 


for*him to take this course when he has a 
remedy at law. 

Statutory Nuisances. In general, 
under Public Health Acts, local authori- 
ties must discharge their functions so aj^' 
not to create a nuisance, and they ftiust 
inspect their district in order to detect 
any nuisances. Statutory nuisances may 
be dealt with summarily, such as : 

(a) Premises which are in such a state as to be 
prejudicial to health or a nuisance ; . 

^6) A factory, workshop or workplace which is 
not sufficiently ventilated or kept clean or not 
kept free from noxious effluvia, or which is so 
overcrowded while work is carried on as to be 
prejudicial to the health of those employed 
therein. 

If a local authority is satisfied of the 
existence of a statutory nuisance it must 
serve an “ abatement notice.'' It is served 
on the owner of the premises if the nuis- 
ance arises from any defect of a structural 
character ; and if the person causing the 
nuisance cannot be found, the local 
authority may themselves do what they 
consider necessary to abate the nuisance 
and to prevent a recurrence of it. 

A court of summary jurisdiction may 
make an order to abate if an ‘‘ abatement 
notice " jp disregarded, and prohibit a 
recurrence of the nuisance ; and if the 
person who is responsible for the nuisance, 
or the owner or occupier of the premises 
cannot be found, the order may be 
addressed to, and executed by the local 
authority, and they can recover the cost 
of abating the nuisance. The local 
authority can take the case to the High 
"curt if it is tliought summary proceedings 
will prove inadequate. 

Any person aggrieved by a statutory 
nuisance may complain to a Justice of the 
Peace. 

Smoke Nuisances. An installation for 
the combustion of fuel used in any manu- 
facturing or trade process, or for v'orking 
engines by steam and which does not 
practically prevent the emission of smoke, 
and any chimney (not being the chimney 
of a private house) emitting smoke in such 
qun.' itity as to be a nuisance, are statutory 
nuisances and a local authority may make 
by-laws regulating the emission of smoke 
— that is,* as to colour, density or content. 
Also building by-laws may require the 
provision in new buildings other than 
private houses of arrangements for heat- 
ing or cooking so as to prevent or reduce 
the emission of smoke. — W. T. CresweU, 
K.C., Vice-Pres., R.SanJ. 
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OFFICE ROUTINE AND BUSINESS ORGANIZATION 

By R. A. Price. A.C.I.S. 

This article is concerned with the management of office work and the methods and 
appliances best suited to the needs of the Plumber and Heating Engineer. For 
the executive aspect of business management, see under Business Methods. 
Reference sho'jid also be made to Accounts ; Audit ; Balance Sheet ; Book-keeping 

and Finance. 


In all cases where the staff consists of 
two or more members, the work should be 
so arranged that there is (a) division Qf 
responsibility and (6) internal check. 

Division of responsibility means that 
each employee is allocated definite 
duties, to be performed only by that 
employee. If the wo rk is left to be done 
by anybody available, omissions and 
errors may occur for which no person in 
particular can be held responsible. 

Internal Check is even more import- 
ant. The object is sp to distribute duties 
tliat one clerk acts as a check against 
another ; apart from collusion, fraud would 
then be difficult. For instance, rendering 
invoices, posting ledgers, checking inward 
invoices and preparing the wages book 
should be done by clerk A, while clerk B 
should confine his attention to collecting 
and paying accounts, entering up the 
cash book and paying wages. 

Efficiency and Economy. These must 
be the keynote of office work. They 
are best achieved by carefully planning 
each day’s activities. For the numerous 
papers and other matters requiring daity 
attention, use a series of appropriately 
labelled folders : e.g. (a) Letters ready for 
reply ; (b) Enquiries to be made ; (c) 
Invoices to be checked ; (d) Insurances ; 
(e) Advertising, etc. A classification of 
work to be done leads to efficiency and 
speed, while attempting to deal with a 
heterogeneous heap of papers causes 
bewilderment and mistakes. This collec- 
tion of folders has* aptly been termed a 

work organizer,” and there is no doubt 
that a few minutes spent in the classifica- 
tion of details make the riniaind& of the 
day comparatively easy. 

Loose Leaf Ledger. Although the 
initial cost is greater than that of the 
older “ bound ” ledger, a loose leaf ledger 
affords the advantages of permanence, 
ease of reference, and elasticity. It never 
becomes full. It never needs re-writing. As 
and when leaves are filled they are^ trans- 
ferred to a separate binder and replaced. 


It is not encumbered with ” dead ” 
accounts or full pages,® for these are 
removed periodically. The leaves may be 
arranged alphabetically, thus rendering 
the book self-indexing. With the bound 
ledger, each page is numbered and a 
separate index is necessary. 

The business never becomes too big 
for the ledger, which is capable of expand- 
ing with the growth of transactions. The 
same alphabetical sequence may be 
preserved even where the ledger needs to 
be accommodated in more than one 
binder. 

The benefits of the loose leaf ledger are 
most felt when applied to debtors, whose 
accounts are usually numerous. 

Stationery. When designing station- 
ery, have the space for the recipient's 
name and address in a position which, 
when the document is folded, will corres- 
pond with the ” window ” of the envelope. 
Time saved by the use of window envelopes 
more than covers their small extra cost, 
while mistakes in addressing or inserting 
the wrong enclosure are avoided. 

If invoices and other forms or headings 
are normally to be addressed or filled in 
on a typewriter, see that the printer 
spaces his blank lines to correspond with 
the standard line -spacing of the type- 
writer. Much time and trouble will thus 
be saved to the clerk. 

Addressing Machine and Duplicating 
Apparatus. In any business which has 
even a moderate number of "regular 
customers, the addressing machine is 
a useful labour-saving and mistake- 
preventing device. The idea is to prepare 
a template for each addressee. The 
templates are put into the magazine of the 
machine, and envelopes or other stationery 
are automatically addressed. The machine 
is of great value for publicity work. In 
the article on Advertising {which see) it is 
suggested that an index of present and 
prospective customers be kept. Prepare a 
template for each entry in that index, 
and whenever it is desired to circularize 
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“ prospects," the necessary envelopes 
may be prepared in a very short time 
(about* 1,000 per hour by the hand- 
operated machine, and 3,000 per hour 
electrically). 

Duplicating apparatus is another useful 
adjunct to publicity work, or indeed 
wherever a circular or repeat letter is 
required. A template or stencil is either 
typewritten or handwrftten, and placed 
in the duplicafor. Paper is then fed into 
the machine, and numerous reproductions 
of the original are obtainable. There are 
two types of apparatus : (a) flat, and 

(b) rotary. The flat machine is cheap, and 
produces work of a quality equal to the 
more expensive rotary model. The advan- 
tages of the latter are greater speed and a 
larger number of copies from one stencil. 
In addition to producing circular letters 
and advertising matter, the machine may 
be used for duplicating “ form letters " — 
e.g. acknowledgments of orders and re- 
mittances, or letters requesting pa5niient 
of overdue accounts. By preparing a stock 
ol such stationery, much time ordinarily 
occupied in typing individual letters of a 
stereotyped nature will be saved. 

Filing Systems. The lack of a satis- 
fariory system for the preservation of 
correspondence is responsible for a loss 
of time and money out of all proportion 
to the cost of installation. 

The requirements of a system are : (a) 
effective preservation of documents ; (b) 
rapid production of any paper required * 

(c) minimum of time to w(tI: ; (d) econo- 
mical in cost and space occupied ; and (e; 
it must be foolproof — a document which 
is mis-filed is as good as lost. 

The main reasons for the preservation 
of documents are that they may be used 
as evidence in court in case of dispute, 
and that they constitute a permanent 
record of transactions with customers. 

The vertical folder system is beyond doubt 
the one wiiich will satisfy the above require- 
ments. Its cost is saved within a short 
time of 'installation ; and .whatever size 
the business may ultimate' * become, the 
same outfit will still m^et ali demands, for 
the system may be expanded indefinitelj^. 
The apparatus consists of (a) a* collec- 
tion of Manila folders ; (6) guide cards ; 
(c) a cabinet to hold folders and guides ; 
and (d) a card index. 

Norni dly, one folder is used for each 
correspondtot. A folder contains, ‘in strict 


da\e order, original letters received and 
copies of replies. Copies of all letters sent 
must be made. Copying machines are 
obtainable, but the cheapest method (and 
one usgd by the largest concerns) is U> * 
produce copies by carbon paper. Carbon 
copies may be made even where a type- 
writer is not available, by using a hard 
(manifold) pen nib. The folders are num- 
bered consecutively, and placed in the 
cabinet in numerical order. .The guide 
cw.rds are inserted at intervals of 10 
folders, and projecting tabs on the guides 
bearing the numbers 10, 20, 30, etc., 
enable rapid selection of any folder to be 
made. An index is necessary to locate 
iolders, and for this purpose the card 
index cannot be excelled. It is suggested 
elsewhere that a card index of customers 
be maintained for purposes of publicity, 
etc., and this same index will serve for the 
filing system. 

The vertical system may be operated 
without a card index, and in the case of 
the small business, where much of the 
clerical work is often performed by the 
head himself, this method may be 
preferred. 

The afiparatus necessary is that specified 
under (a) to (c) above for the numerical 
classification. Instead, however, of being 
arranged in number sequence, the folders 
should be in alphabetical order. A very 
small business, with a proportionately 
small volume of correspondence, would 
manage quite well with one folder for each 
letter of the alphabet. The correspondence 
in each folder should be j)laced in alpha- 
betical order, for easy reference. For 
example, take folder B, which contains 
all letters the surname of which begins 
with B. Correspondence with persons or 
firms of the following names would be 
filed in the order here given : Baxter & Co., 
Wm. Bayley, Jos. Bennett, Robt. Beswick, 
Birtles Ltd., Thos.^ Bleasedale, Henry 
Boardman, Frank Brayshaw, Alfd. Burgess. 
In other words, file in a similar order to 
tlr^t found, say, in a telephone directory. 

if, in this system, the folders are found 
to fill to capacity within a short time, some 
modificaiion is indicated. A classification 
according to vowels will solve the problem. 
For one folder per letter, substitute six 
folders per letter. Again, take B as an 
►example. The six folders would be headed 
according to the six vowels (Y is con- 
sidertd a vowel for this purpose) : viz., 
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BA, BE. BI, BO, BU. BY. When decidihg 
the folder for a particular document, 
select the first vowk in the name of the 
correspondent. For example, Baxter 
(BA), Beswick (BE), Birtles (BI),,Blease- 
dale*{BE), Boardman (BO), Brayshaw 
(BA), Burgess (BU). Byers (BY). A little 
practice in this classification will bring 
proficiency and speed. 

Catalogues and Lists. These are indis- 
pensable for preparing quotations, check- 
ing invoices, etc., and their utility can 
be enhanced by systematic preservation. 
Catalogues may be classified into (a) 
p^phlets, (b) booklets and (c) books. 
Pamphlets should be kept in folders. 
Number each pamphlet consecutively, and 
prefix the numbers with “A.'* A folder 
should contain from 30 to 50 pamphlets 
according to their bulk. Number the tabs 
of the folders 1-50, 51-80, etc. Booklets 
are best kept in drawers, and should bear 
numbers prefixed by “ B.*' Guide cards 
are inserted at intervals of 20 booklets to 
facilitate reference. Books should be 
placed on shelves. Again number, and use 
prefix ** C.'' 

A card index is necessary, though it 
may be a simple one. The c^^rds will 
bear the names of merchants and references 
to catalogues received. In addition to 
this index, it is well worth while making 
a second index to subjects (it may be 
kept in the same case or tray as the other 
index). For instance, write a card headed 
“ Screwing Machines," and under this 
heading, as catalogues are received, make 
a note of suppliers' names. When con- 
sidering the purchase of such apparatus, 
turn up the card, which will indicate 
several sources of supply. This is an 
example of what is termed " cross- 
indexing." 

Policies and Agreements should be care- 
fully preserved. A good plan is ‘to put 
each document in 9. foolscap envelope, 
number the envelopes consecutively, and 
keep in a drawer. An index will be 
necessary if the documents are numerous, 
and the book t3^e is here suggested in 
preference to a card index. 

Invoices. Before filing awayf inward 
invoices should always be checked 
(quantities, prices, calculations and 
additions), entered up in the price list (it 
is important to keep this book up to* 
date), and allocated to jobs, where the 
goods are not for stock. 


To facilitate the checking of invoices, 
an Order Book (carbon copy, consecutively 
numbered type) should be used. Its 
advantages are : Ease of allocation of 
goods to jobs. A note of the job on the 
office copy of each order will achieve this 
end. 

Unauthorized purchases are eliminated. 
Only invoices for goods ordered officially 
should be passed? 

A check upon unexecuted' orders is 
possible by the practice of striking the 
pen through each copy order as invoices 
are passed. 

Duplicate charges for the same goods 
are obviated by the check just mentioned. 

Outward Invoices may be in respect 
of (a) goods sold, (6) work done. 

(a) Goods sold. Use a Delivery Book (carbon 
copy and consecutive numbers). At each 
month end, the invoices may be prepared 
direct from the office copies of Delivery 
Notes. Strike through each copy as 
invoiced. 

( 2 >) Work done. The source of inform- 
ation is the Cost Sheet for each job 
(see under Costing). Much time is wasted 
by many businesses in the preparation of 
invoices. Often a Day Book is used, 
details of every charge being recorded 
therein. Subsequently, invoices are 
rendered by making copies of the Day 
Book entries. Copying work should be 
avoided where possible, for not only is it 
laborious, but mistakes are all too frequent. 

Up-to^ate Invoice System. Invoice 
forms are obtainable, numbered consecu- 
tively and in duplicate. The duplicate is 
attached to the original by a perforated 
stub which is torn off when the invoice 
has been prepared. The duplicate is 
obtained by the insertion of carbon 
paper. The copy invoices are punched to 
fit special binders. In this way, a " Day 
Book " or Sales Journal is prepared 
simultaneously with the invoices. As 
explained under Book-keeping, the Sales 
Ledger is entered up (posted) direct from 
the copy invoices. 

Wages Records. The premiums on 
Employers' Liability and Public Liability 
policies are based upon wages paid during 
the previous I2 months, and it is useful to 
keep a book for recording wages which 
must be included in the annual declaration. 
The gross wages (i.e. before deducting 
National Insurance, Income Tax, etc.) are 
the figures required. 
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In the case of the Employers' Liability re- 
turn, ibis clearly necessary to eliminate from 
the gross total the proprietor's drawings or 
" salary " (which are sometimes put in 
the Wages Book) ; otherwise, a higher pre- 
mium than is necessary would be charged. 

Tax deduction cards imder the Pay As 
You Earn system will also fielp to provide 
the above informatiow. The column 
headed “ Totak gross pay to date " gives 
(at week 52) the total of the year. As the 
income tax year ends on 5th April, how- 
ever, this may not coincide with the 
insurance year. 

Also, there may be employees whose 
wages are not taxable, and for whom there 
are no tax cards. These points should 
be remembered if tax cards are used to 


provide figures for insurance purposes. 

OFF-SITE ASSEMBLY. 5 ^^ Pre- 
Fabrication. 

OHM. Standard unit (international) 
of electtical resistance. Equals resistance 
offered by a circuit in which a voltage 
(E.M.F.) of I volt permits a current of 
I ampere to flow. Foundation of whole 
system of practical electrical units. 

Ohmmeter. Instrument for measuring 
resistance directly in ohms on a scale. 
The best known form is perhaps the 
" megger " used for measuring high values 
of resistance. Insulation resistances and 
leakages in supply circuits are usually 
measured in megohms (one million ohms). 
For illustration of the “megger," with an ' 
account of its method of use, see Faults. 


OIL FUEL: CENTRAL HEATING AND 
DOMESTIC SERVICES. 

By G. J. Gollin, M.A., M.I.Mech.E.. F.lnst.Pet., M.lntt.Fuel 

Chief Engineer, Fuel Oil Technical, Shell Petroleum Co., Ltd. 

This contribution deais with liquid fuels and their use in boilers for heating and 
hot water supply. The characterfsticsiof fuel oils are explained, and the principal 
methods of firing described. Oil-burning installations are described with details 
of automatic burners. See also Boiler ; (5). 


It is a popular fallacy that liquid fuels 
burnt in boilers are " crude ^ils." Crude 
oil is a term applied to the crude petroleum 
as obtained from the well. Apart from 
rare exceptions such oils are not sold 
commercially as fuel oils. The majority 
of fuel oils arc essentially " residual " 
oils — that is, crude oils from which th' 
lighter fractions such as motor spirit, 
kerosene, and perhaps lubricating oils 
have been boiled off. These residual oils, 
having Jost their lighter fractions, are safe 
to handle and when supplied to a good 
burner form excellent fuels. 

The second of the two most common 
forms of fuel oil is the grade known as 
distillates and these, like motor spirits and 
kerosenes, are boiled off crude oils. They 
are, in a manner of speaking, a heavier 
and morefviscous form of kerosene. Most 
residual oils are dark in colo-^r and vi.scous, 
while the distillates are cle^r and liquid. 
In addition to these two types there is e 
host of intermediate ^ades of oil which 
are made by blending distillates and 
residual ‘oils. 

Characteristics of Liquid Fuels. 

To tmd<'rstand the combustion of fuel 
oil, one must know something about its 
properties. These are briefly enumerated. 


Specific Gravity. This is the ratio of 
the weight of a given volume of fuel oil 
to that of the same volume of water. 
In general the specific gravity of fuel oils 
lies between 0.85 and 0.99. Thus they 
are lighter than water. 

Viscosity. This, as will be shown later, 
is a highly important characteristic of 
fuel oil, being an indication of fluidity. 
It is measured commonly in a Redwood 
No. I viscometer, which shows the time 
taken for 50 c.c. of the oil at a given 
temperature to run out of a fixed orifice. 
As an illustration, water would take about 
27 seconds, a distillate 33 to 40 seconds, 
and a .heavy residual fuel oil perhaps 
3,000 to 6,000 seconds. As a preliminary 
to the combustion of fuel oil it is usually 
necessary for good atomization to reduce 
viscosity. This characteristic is so im- 
p;>itant that it is normal to refer to fuel 
oils by their viscosity at a standard tem- 
perature^ usually 100° F. Five typical 
commercial grades of fuel oil sold in the 
U.K. have viscosities respectively of 35, 
40, 200, 600 and 1,500 seconds Redwood 
at 100® F. 

Flashpoint The flashpoint of a liquid 
is that temperature at which it gives off 
sufficient quantity of vapour capable of 
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OIL FUEL. Fig. 1. Injector burner for spraying oil as a 
fine mist by means of jet of air. 


Courtesy o/ I.n 


being momentarily ignited. In most fuel 
oils the flashpoint is somewhere between 
i8o® and 210° F., sf) that they can be 
^ored and handled with the greatest 
aegr^e of safety. In dealing with fuel 
oils, consideration 
need not be given 
to the Petroleum 
Acts, which cover 
only those petro- 
leum products 
having a flash- 
point below 150® F. 

Calorific Value, 

The most import- 
ant characteristic 
of any fuel is its 
calorific value. By 
this it can be com- 
pared with other fuels, since the calorific 
value is an indication as to the number of. 
heat units which in a perfect boiler sj'stem 
could be obtained from 1 lb. of the fuel 
if completely burnt. The unit used is 
British Thermal Unit {which see). Nor- 
mally the range of fuel oils has calorific 
values varying from 18,500 to 19,400 
B.Th.U. per lb. Thus i lb. of fuel oil 
offers four times the heat units [Jresented 
by I lb. of wood, 60% more than i lb. of 
coke, and at least 30% more than i lb. of 
anthracite. 

This high calorific value has played an 
important part in the adoption of liquid 
fuel for domestic purposes, sinc^ it con- 
siderably reduces the weight of fuel to 
be burnt in the heating season and hence 
the amount to be kept in storage. Apart 
from this the space devoted to storage is 
reduced to a minimum, as liquid fuel is 
very compact, occupying only 40 cu.ft. 
per ton. 

Burning of Fuel Oil. It is extra- 
ordinarily difficult to ignite fueKoil in 
bulk. In order to ^et it to burn satis- 
factorily it is necessary to use an oil 
burner. Burners can be roughly divided 
into two classes : (a) Vaporizing ; (b) 

Atomizing. 

Vaporizing burners. These are burners 
in wUch the fuel oil is vaporized py being 
brought into contact with a surface heated 
by the flame. Such burners are chiefly 
fitted in small appliances *and burn up 
to about I gallon of oil an hour. They, 
give excellent service for small water 
heaters and space heaters. They are 
mostly designed to handle kerosene, and 



hence are outside the scope of this article. 

The fan-assisted vaporizing burner, 
although confined to handling fuels of the 
lighter grades, is capable of being manu- 
factured to burn up to about 8 gallons 
of oil per burner 
per hour. 

Atomizing Burners. 
This burner, in- 
stead of gasifying 
the oil, sprays it 
into a fine mist. 
This can be done 
in two ways — ^by 
the injector sys- 
tem, or the pres- 
sure jet. 

Injector Burners, 
In these a jet of 
made to impinge 
which is thus me- 
(See 
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steam or air is 
on a column of oil, 
chanically broken up into fine drops. 

Fig. I.) 

Rotary Burners, These, too, are of the 
injector type, where the moving oil is 
tfroken up by a blast of low pressure air. 
Instead of the oil issuing from a single 
orifice or from several, it is thrown into 
the air stream from the edge or mouth of 
a rapidly rotating hollow cone. The oil 
feed is arranged to drop on to the in- 
side surface of the cone, or “ cup,*' as 
it is usually termed. One principle of 
action of these rotary burners is seen in 
Fig. 2. 

Pressure jet Burners, No atomizing 
medium is employed. The oil is pumped 
under high pressure through a specially 
designed nozzle. The nozzle is so con- 
structed that the oil is given a ^rotary 
motion in its interior. This rotation is 
considerably accelerated as the oil leaves 
the final orifice, so that the column of oil 
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upon the viscosity 
arrives at the burner 
be too viscous the 
atomization will be 
coarse, the combus- 
tion poor, and the 
llame streaky. It is 
essential, therefore, 
that the oil should 
arrive at the burner 
at the correct vis- 
cosity, and to effect 
this it mav be neces- 
sary to pre-heat the 
oil in order to raise 
its temperature and 
reduce its viscosity 
t j the required figure 
The correct viscosity 
will depend upon the 
type of burner being 
used. Some burners 
can atomize an oil at 
2 00 seconds vis- 
cosity. With pres- 
sure jet burners, 
however, the nozzle 
will atomize only if 
the viscosity of the 
oil is reduced to 
about 55 seconds in 
the case of small 
burners, or loo 
seconds in the case 
of large burners. A 
typical viscosity- 
temperature" curve 
is here given. (See 
t'ig- 4 -) 

Combustion Air. 

An average fuel oil 
would need for each 
pound of oil burnt 
someic lb., or 240 cu. 
ft. of air. Therefore, 
in addition to the 


at which the oil 
If the oil should 


tained. An insulhciency of air will result in 
smoke and carbon formation. An undue 
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excess of air will chill the flame and 
increase both volume and temperature of 
the waste gases leaving the chimney. 

‘ ^Iri modern boiler house^ practice it is 
unusjjal to allow the amount of hir put 
into the combustion chamber to depend 
upon a somewhat indeterminate suction 
induced by a chimney. For accuracy of 
control the air for combustion should be 
either blown into the combustion chamber 
by a forced draught fan, or sucked into thf 
combustion chamber by an induced 
draught fan. In both cases the air passes 
through carefully designed devices, known 
as air directors, which ensure the correct 
mixing of the oil and air so as to give 
^stable flame. (See Fig. 5.) The modem 
semi-automatic control does not merely 
increase or decrease the size of the flame, 
but also simultaneously adjusts the 
amount of combustion air, so that whether 
the burners are workiilg on a high or a low 
flame a. reasonably high standard of com- 
bustion efficiency is maintained. 

OIL-BURNING INSTALLATIONS 

Generally the boilers that are fired by 
oil burners are the same as those manu- 
factured for use with solid fuefls. The 
larger boiler installations usually have 
operators permanently in attendance, and 
so are either hand-controlled or equipped 
with semi-automatic controls. In this 
type of installation the heaviest and most 
viscous grades of oil available can be burnt. 

Small installations usually contain one 
or more cast-iron sectional or welded steel 
boilers. Generally a fully automatic oil 
burner is applied to each boiler. These 


automatic burners light themselves and 
run intermittently at the dictate ofi:her- 
mostats placed cither in the rooms to be 
heated, in the flow to the radiators, or 
(in the case of domestic supply) in the 
secondary water space of the calorifier. 
Burners are a^o regulated by controls 
which are operated by the steam pressure 
of the boiler. 

In the larger commercial, and industrial 
installations the burners and their air 
directors are mounted on the boiler front 
while the auxiliary gear, that is, pumps, 
heaters, fans, and electric motors, are 
usually mounted on bedplates in a suitable 
position in the boiler room. The require- 
ments of domestic buildings led to the 
development of the fully automatic burner 
in which all the components are mounted 
in one unit as indicated in Fig. 6. Although 
there are automatic burners of the ro- 
tating cup and medium pressure air types, 
a census shows that some 80 per cent 
of all fully automatic burners of the 
intermittent type use pressure jet atomiza- 
tion. The burner shown in the illustration 
is of this type. 

The nozzle and electrodes are mounted 
in what is known as the draught tube 
which leads the air from the fan into the 
combustion chamber around the oil spray. 
Various devices (not shown) have been 
developed by burner manufacturers and 
installed in the draught tube with a view 
to obtaining satisfactory mixing of the air 
with the oil spray and the maintenance 
of a stable flame near the burner nose. 
These conditions would not be obtained 
if the air were blown through a plain tube 
around the nozzle. A good 
burner of this type should pro- 
duce a stable flame with excess 
air not exceeding 40 per cent, 
equivalent to a COj content in 
the dry flue gases of ii per cent. 
The chimney losses increase very 
rapidly if the quantity of air in- 
troduced into the boiler' is adjus- 
ted to be much in excess of that 
theoretically required for com- 
bustion, bfence the less air needed 
to maintain a stable flame, the 
more efficient is the burner. 
A CO2 indicator is of the greatest 
importance for enabling the in- 
staller to tune the burner, or 
the customer to • check the 
efficiency. 



front Elofation with Front Cover Plate Removed, • 

OIL FUEL. Fig. 6. Front elevation (and section 
through B B) of air director to ensure correct 
mixture of oil and air. s 

Courtety o/ OhtU Petroleum Co.. Ltd. 
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AIR CONTROL DAMPER 
PRESSURE REGULATING VR 
NOZZLE SHUT OFF ' 


^ OIL PUMP 
(Prtnur«i »o 300lb/in?) 



TRIC MOTOR 


PRESSURE JET ATOMISER 


IGNITION TRANSFORMER^^ 

OIL FUEL. Fig. 6. Automatic pressure Jet burner of 
atomizer type. 

Shell Petrolcvtn Co., Ltd. 

Burners of this type are installed in 
thousands all over the world with capaci- 
ties normally for domestic use of the 
order of i to 2 gallons per hour which at 
70 per cent efficiency would be equivalent 
♦n an output of 120,000 to 240,000 
B.Th.U/hr. 

The British oil burner industry has 
developed burners of this type with fuel 
consumptions up to 50 gallons per hour and 
ha\'e produced ingeniously modified burn- 
ers equipped with preheaters which enable 
them to handle more viscous and cheaper 
grades of oil than that normally supj^lied 
for central heating purposes. 

The manner of installing an automatic 
burner is shown in Fig. 7. 

The oil is stored in a welded steel 
cylindrical or rectangular tank made up 
of plate not less than 3/16 in. thickness 
fitted with 

(a) Manhole and cov'er ; (b) 
vent pipe ; (d) feed pipe to 
drain pipe; (/) oil level in- 
dicator. 

The vent pipe is necessary 
to enable air to enter the 
tank to replace the oil 
which passes to the burner 
but its erther function is to 
prevent an excessive air 
pressure from being built up 
in the tank while it is Being 
filled. For this reason the 
diameter of the vent pipe 
should never be less than 
the diameter of the filling Fjg. 7. 
pipe. 

Even for the smallest 
installations the capacity 


u>w FWESSURE^iR FAN of the storagc tank should not be 
less than 750 to 1,000 gallons so as to 
keep in hand a supply for 
a reasonable period. 
Gauges to show the amoufft 
of oil in a tank usually be- 
long* to one of the three 
following types : — 

I. A float connected by a 
CONTROL BOX Chain or Wire over a pulley to 
an indicator which goes up 
and down against graduations painted on 
the outside of the tank. 

2. A float on a hinged arm connected 
to a magnet which rotates an indicating 
needle on a dial on the outside of the tank. 
A pneumatic gauge consi.sting of a chamber 
submerged at the bottom of the tank and con- 
nected by means of a small bore tube to a 
pressure gauge or manometer mounted in a 
convenient spot in the boiler room. The pres- 
sure indicated on the manometer is proportional 
to the static head of oil in the tank and hence the 
gauge can be calibrated to read gallons of oil if 
the specific gravity of flie fuel is known. 

The pipe leading the oil to the burner is 
taken off the side not less than 3 in. from 
the bottom so as to avoid sludge or dirt 
which may .have settled down to the 
bottom of the tank. All storage tanks 
should bave a drain connt'xion at the 
bottom so that sludge can be nin off 
regularly. The tank should be mounted 
on its piers so that the bottom of the 
tank slopes i in. per foot towards the 
drain connexion. 

The drain valve itself should be of the 
lockshield type so as to avoid interference 
by unauthorised persons. The authorities 
in certain urban districts issue recom- 
mendations regarding the layout of the 
storage arrangements for oil-fired installa- 
tions and any requirements such as catch- 
pit walls, fire-valves, etc., should be 
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adopted. Fig. 7 shows a fire-valve 
fitted in the feed line to the burner after 
the essential shut off valve. This fire-valve, 
which is either spring or deadweight 
loaded, is held open by the' wire sttetched 
over a pulley across the boiler room. 
At intervals the wire*is joined by fusible 
links so that if fire broke out in the 
boiler room, the wire would part and the 
valve would shut off the oil supply. 

Most of the oil pumps fitted on autc^ 
matic oil burners have a capacity of about 
12 to 20 gallons of oil per hour and as 


pipe system because in the single-pipe 
system the line only passes the oil* being 
delivered by the burner nozzle, while in 
the two-pipe system the suction line 
carries the full pump capacity and the 
return line the pump capacity minus the 
atomizer capacity. 

As the pressure jet nozzle of normal 
domestic capacity contains very small 
passages it must be protected from 
choking by a suitable filter. When dealing 
with light oils the filter should be not 
coarser than 100 mesh. It is very con- 
venient to use filters of the type that can 
be cleaned without dismantling by means 
of the turn of a handle. 



Fig. 8 shows a fully automatic pressure 
i jet May burner designed for use with light 

f oil. Although the majority of automatic 
burners throughout the world handle light 
distillate oils, the British burner 



industry has developed fully 
automatic burners for heavier 


grades. Several are now avail- 



OIL FUEL. Fig. 8. Fully automatic pressure jet burner 
Courtegy May Oil Burner (Eng.) Ltd. 

the output of the atomizer usually is only 
I or 2 gallons per hour, the pump delivery 
is considerably in excess of the quantity 
being burned. By allowing this excess to 
escape through a spring k aded relief 
valve, cjnc can maintain the prejsu^e of the 
oil at the atomizer at a desired figure. 
The surj^lus oil leaving the relief valve can 
either be led back to the suction side of the 
pump by a pipe connexion within the 
burner assembly as shown or can be taken 
through a separate line back to the top 
of the main storage tank. 

The simple layout in Fig. 7 can be used 
where the storage tank is not far away 
from the burner and the level of the tank 
relative to the burner is such as to produce 
a gravity head at the burner pump what- 
ever the level of oil in the tank. Where, 
however, the tank is far aw:.y or* below 
the level of the burner this single pipe 
system gives little opportunity of purging 
from the pump and suction line^any air 
which may have been sucked into the system 
through the pump gland or elsewhere. In 
all such cases the separate suction and 
return lines give more reliable operation^ 
but in order to avoid excessive friction 
the size of these lines must be •con- 
siderably larger than that for the single- 


able designed to handle an oil 
, ^ with a viscosity of 200 seconds 
for light oil. Redwood I at 100° F. Electrical 

preheating arrangements thermo- 
stactically controlled deliver oil at a suitable 
pre.ssure and at 180® F. to the atomizer. In- 
genious arrangements ensure the arrival of 
hot oil at the nozzle when the burner starts 
so as to obtain prompt and safe ignition. 

The electric controls supplied with 
automatic burners are designed so that 
when the thermostat calls for heat the 
burner goes through all the normal stages 
of lighting up in correct sequerce. In 
conjunction with the safety flue thermo- 
stat, or a radiation-sensitive device such 
as a photo-electric cell, the control box 
will shut down the burner should flame 
ignition not be safely achieved. during a 
starting cycle or the flame be accidentally 
extinguished while the burner is running. 

Seeing that an automatic oil burner is 
called upon to carry out the functions 
both of an oil-burning device and of. a 
furnace operator ^it is not fair to expect 
it to function indefinitely without reason- 
able attention. It Is advisable to ask the 
maker to carry out a routine inspection 
and service call, say, three times per year. 

Combustion Chambers. Uusually the 
combustion chamber provided for solid 
fuel is adequate for burning a liquid fuel. 
The fire’ bars are, of course, unnecessary 
and should be removed ; or if fixed they 
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can be covered with a layer of refractory 
brickwork {see Fig. 9). The principle in 
designing a brick lining for a combustion 
chamber in which to consume oil fuel is 
that there should be as little brick as 
possible consistent with the following two 
requirements : 

(1) To protect the rfiud space anc 
other vulnerable ooints in the 
boiler. ^ 

(2) To shield the flame in its initial 
■ stage from the violent cooling effect oi 

relatively cold surfaces. 

Provision should be made of a refractory 
quarl through which the burner fires, and 
a certain amount of brickwork round the 
root of the flame so as to improve the 
quality of combustion ; but it is essential 
that the flame shall burn in free suspension 
and not impinge on this or any brickwork. 
Although the brickwork may appear to 
be red or even white hot, it is considerably 
cooler than the flame. The flame, if 
brought into contact with the brickwork, 
will be unduly chilled — with the result 
that combustion will not be completed arxl 
there will be carbon formation on the 
brickwork. 

ONCOST. This article explains the 
calculation of the percentage which must 
be added to Prime Cost in order to cover 
Oncost. For the principles of costing 
the reader should refer to the article on 


Costing, where the general subject is 
treated. 

As explained under the heading Cost- 
ing, Oncost means those indirect expenses 
such as rent,* rates, office salaries, ai/d 
expenses which cannot be charged direct 
to jobs. (See also Prime Cost.) 

Under the heading Balance Sheet, a 
set of annual accounts is given, and the 
calculations in the present article are 
based upon those figures, to. which the 
feader should refer. 

Turning first to the Trading Account 
(page 82), it will be seen that the Prime 
Cost of Work Done f/7.82‘;V is /6.000 ! 


Stock, Jan ist £i,ooo 

Purchases 4,000 

VVaj^es 3,000 

'I'ravelling expenses . . . . 100 

;^8,IOO 

Less Stock, Dec. 31st .. .. 1,200 

Prime Cost ^^6,900 


Next refer (p. 82) to the Profit and Loss 
Account, where the expenses (i.e. Oncost) 
are found to total £725 ; in other words, 
the invoicing during the year must have 
been at Jeast £6,900 plus £725 (£7,625) to 
clear Gross Cost. Actually it amounts to 
£7,825, leaving a net profit of £200. 

The two figures to keep in mind are 
Prime Cost of work £6,900, and Oncost 
£725 ; their relationship to 
each other must be express- 
ed as a percentage, i.e, we 
require to know what figure 
has the same ratio to 100 as 
£725 has to £6,900 ? Or, 
presented as a proportion 
statement, 

X : 100 : : 725 : 6900 
100 X 725 

(HJOii 

loj per cent, (approx.) 

Provided there are no 
variations of overhead ex- 
penses without a proportion- 
ate variation in turnover, 
this percentage can be used 
as the Oncost for the current 
year. This calculation 
should be made 
annually, because 
business conditions 
vary. When figures 
are available for 
several vears ;in 



Shell Petroleum Co.. Ltd. 
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Oncoft i Itemized Percentage to Prime Coot 


• 

i 

Percentage 
to £(>,qoo 

Rent and rates 

Ido 

»*45 

Printihg, etc 

50 

0*73 

Repairs to plant . • «. 

10 

0-14 

Repairs to motor . . 

15 

0*22 

Proprietor's salary 

300 

435 

Office expenses 

200 

2*90 

Insurances 

50 

072 



10*51 , 


average should be computed, as the longer 
the period upon which the percentjge is 
calculated, the more reliable will it be. 

Not only is the calculation valuable as 
data for charging and estimating current 
work ; it provides, year by year, a check 
on overhead expenses. If ' there is a large 
increase in any* one year, inquiry should 
be made as to th^ cause. The search will 
be narrowed down if each item of expense 
is related to Prime Cost, as here shown. — 
R. A. Price, A.C.I.S. 


ONE-PIPE SYSTEM OF DRAINAGE 

By F. C. Cook, M.R.San.l., R.P. 

Lecturer in Sanitary end Domestic Engineering to the Middlesex County Council 
Sanitary Inspector, Metropolitan Borough of Marylebone 

After a short review of the history of this system, the general principles are set out 
and it Is compared with the Dual system. The testing of the system is described. 
A final section deals with the planning of Installations. Extracts are given, with 
comments, from the Minimum Specification of the Institute of Plumbers. A 
notable feature of this contribution h the presentation In the Frontispiece to this 
volume of a series of photographic illustrations of one-pipe units. See Flat ; 
Hospital : (I), etc. ; also various legal articles referred to below. 


Before explaining the principle of the 
sy.stem of drainage known commonly as 
the “ one-pipe system it will b^as well 
to review briefly the history of its intro- 
duction and regulation by by-laws. The 
various Acts and By-laws affecting ’ sani- 
tation are discussed by the Legal Editor 
elsewhere in this work under the headings 
Acts and By-la\^s ; London County 
Council By-laws ; Metropolitan Water 
Board ; and Public Health Acts. 

The London County Council formulated 
By-laws in 1893, and they remained in 
operation with a few alterations until 
1930, when a general revision took place. 
Prior to 1893, the local authorities did 
very much as they chose, and there was 
no uniformity of sanitary law p the 
London area. It was about 1930, when the 
new By-laws came ihto operation, that 
the “ one-pipe " system was talked about, 
and one Borough Council saij^tioiied its 
installation in several large buildings ; it 
proved a success, and subsequently became 
general practice in that borough. ^ The 
London County Council again • revised 
their “ drainage *’ by-laws to embody the 
principles of the one-pipe system, which 
came into operation in 1934. 

It is now possible to instal either the 
one-pii^ system, or the separate *'sj;i6tem 
{i.€. soil pipe and the waste pipe — which 


will be referred to in this section as 
the dual system); or, if the conditions 
warrant it, both systems can be used on 
the same building. Instances of old work 
carried out on the one-pipe system can 
be found in various parts of the country, 
but not instafled under by-law require- 
ments ; possibly they were fixed without 
notifying the local authority, or else a 
concession was obtained from that 
authority. 

The system has been in vogue in 
America and a few continental countries 
for some years, and has proved a marked 
success. The Ministry of Health's* Model 
By-Laws of 1930 provided for its installa- 
tion, as also did their revised By-Laws of 
1937, although the details are somewhat 
meagre. The Model By-Laws are adoptable 
by local authorities outside the London 
area, and carry statutory value. 

Principle. The genersd principle .of 
the one-pipe system of drainage is for the 
^scharges from washing fitments (i.e. 
baths, lavatory basins, sinks •and bidets) 
to go into one main pipe which may or 
may not receive the discharge from soil 
fitments (i,e. closets, urinals or slop 
dosets) and that such pipe be connected 
to the drain direct. In addition, any 
of the stated washing fitments may l>e 
connected direct to the drain without the 
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interposition of a gully trap, in a similar 
manner to that for soil fitments. Further, 
provision of a system of ventilation 
is necessary whereby the traps of all the 
fitments will maintain a specified water 
seal. The term “ one-pipe ” implies that 
one pipe shall act as a ^general waste, 
whereas previously two pipes were in- 
stalled to do the same amount of work. 

Comparisofi with Dual System. 
Under the dual system, excremental filth 
is discharged into a soil pipe and con- 
nected direct to the drain, while discharges 
from washing fitments are connected to 
a waste pipe which, before entering the 
drain, must pass into or over a gully 
trap, thus providing complete disconnexion 
from the drain and allowing a current of 
air to pass up or down the waste pipe, 
according to varying circumstances. >^en 
tlie main waste pipe is not in use, upward 
currents are induced within the pipe, due 
to convection caused by the temperature 
difference between the air inside and that 
outside tl:e pipe, brought about by tJje 
waste pipe absorbing heat from warm 
discharges from the fitments, and possibly 
radiation from the sun. When a washing 
fitment is discharged, the air within the 
pipe which is in contact with the fouled 
surface is forced out at the gully level, 
and may be situated within a well-hole 
of a block of flats ; in addition, cabbage 
water (which is always objectionable) 
finds its way into the same gully, causing 
annoyance to the occupants whe:-'’ 
windows happen to be open. 

A gully trap receiving the waste pipe 
discharges is usually found to be in a very 
foul dbndition, particularly below the 
grating ; this causes emanations of foul 
air to pervade the atmosphere in the 
vicinity, diffusion being relied upon to 
mitigate the nuisance. It is therefore 
necessary that gully traps be periodically 
cleansed by hand. 

Of recent years soap has been placed on 
the market in flake form and sold in 
cartons ; this, when used excess, as in 
washing silken articles, fills the waste pipe 
with soap bubbles on discharge, and the 
bubbles are forced through the' grating 
of the gully on to the adjacent paving, 
leaving a deposit of soap fat together 
with some filth. Much time and expense 
have been devoted in attempts to obviate 
this nuisance, particularly when the 
gully has a sealed cover (which is reqjaired 


if situated within the premises). The 
writer's experience on this point is that 
the soap bubbles which fill the pipe *are 
forced through the braiich waste pip^s ' 
and traps into the lavatory basins tlie 
lower floors, when a,sccond discharge from 
an upper .fitment is made. When similar 
fitments are installed on the one-pipe 
system no such complaint can arise, as 
the resistance of a trapped gully does not 
«xist. 

When a number of washing fitments are 
connected to the main waste pipe, a main 
ventilation pipe is installed to receive the 
branch vent pipes from the traps of each 
fitment, so that the water seal of the traps ^ 
shall be maintained {see Anti-siphon * 
Pipe). It is necessary, therefore, to install 
two vertical stacks in connexion with the 
washing fitments. 

With regard to the soil fitments, where 
more than one is 'connected to the soil 
pipe a main ventilation pipe is installed 
which receives the branch ventilation 
pipe from the trap of each fitment. It 
will be noted that four main vertical 
pipes are necessary for the dual system 
to function properly (Fig. i, on Frontis- 
piece to this volume). 

In the one-pipe system, on the other 
hand, the combined soil and waste pipe, 
the waste pipe discharging direct to the 
drain (or the connexion of the lowest 
fitments to the drain direct), together 
with adequate provision for ventilation of 
the traps of all fitments involved, consti- 
tute collectively or separately the principle. 

A. REVIEW OF ONE-PIPE SYSTEM 

The one-pipe system is particularly 
adaptable where sanitary fitments are 
grouped and are repeated on succeeding 
floors, such as one finds in residential 
flats and hotels. It is more economical 
to arrange the fitments so that the 
branch waste and ventilation pipes will 
be as near the main stacks as possible, 
forming a circuit from the waste to the 
ventilation stack, using the lower part 
of the circuit as a waste pipe and the 
upper part as a vent pipe ; vertical branch 
pipes can be inserted to take the dis- 
charges from the washing fitments, with 
the traps connected at their required 
, height (Fig. la, on Frontispiece). 

It will be readily seen that to carry 
out Hie work by this system only two 
main pipes are installed (t.e. main waste 
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ONE-PIPE SYSTEM. 
Figs 2 and 3. Vertical 
ductsinside building to 
conceal piping : (left) 
A, expanded metal 
covering ; B, 1|-ln. 
lead pipe rising main; 
C| f-ln. copper c.w.s. 
pipe to domestic 
h.w.s.; D, I -In. copper, 
supply pipe ; E, 9-in. 
by 4S-ln. chase In 
brickwork. (Right) 

A. electric conduit ; 

B, 1-in. copper supply 
pipe ; C, 2-in. copper 
flow and return pipes 
before Insulation ; D, 
18-in. by 4|-in. chase 
in brickwork, finally 
brick faced': E, 1^-ln. 
lead rising main in 
back angle of chase ; 
F, electric cable 

conduit. 

Courtesy of Messrs. 
Elsworthy, Ltd. 

Note. — Figs. 4 8i 5 are on 
frontispiece to this volume 


and main ventilation pipes) and that 
the branch waste and ventilation pipes 
will be practically similar in both systems. 

It may be expedient to have a la.rger 
main ventilation pipe, when used in a 
high building of soine eight to ten floors, 
if the one-pipe system is installed. In 
such case the pipe is usually 3 in. in 
diameter, while the size used in the dual 
system for ventilating similar fitments 
would be 2 in. in diameter for the closets, 
and 2 in. for the washing fitments. The 
cost of the two main pipes for the one- 
pipe system must necessarily be less than 
that of the four used in the dual system. 

The Pipes. It is jasual in residential 
flats to install the vertical waste and 
ventilation pipes inside the building, as 
the modern architect objecti- to having 
the front external wall defaced with a 
conglomeration of pipes. The vertical 
pipes are fixed in chases or ducts-; the 
former are purposely made in tlie brick- 
work (Figs. 2 and 3) while the latter 
are constructed of breeze slabs. (See under 
Flats and Building Construction*for other 
illustrations). The use of inside is an 
advantage from a constructiond point of 
view, • as it shortens the branch pipes, 


facilitates the general construction and 
obviates cutting away and making-good 
brickwork. 

Provision for Pipe Chases and 
Ducts. When long lengths of branch 
ventilation pipes are necessary and re- 
quired to be chased into the wdl, it is good 
practice for the bricklayer to insert in the 
course of brickwork a length of 3 in. x 
2 in. timber, which can be subsequently 
removed for the reception of the ventila- 
tion pipe and will allow for a rise 
in its length : the chase can be covered 
with expanded metal and faced with 



Fig. b. Chate^in brickwork for ventilation pipe, show- 
ing three Stages : (1) batten inserted during building 
(removed later to leave chase) ; (2) expanded metal 
facing to chase ; (3) finished wall face* 
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plaster work (Fig. 6). This obviates the 
cutting away of brickwork. With 2-in. 
breeze slab partitions, the depth of the 
slab does not permit the cutting away for 
a branch ventilation pipe, and a good 
method is to insert at the appropriate 
position a 2-in. channel iron, which can 
be faced with plaster worl: (Fig. 7). 

Another advantage of fixing the vertical 
pipes inside tlie building is that there is 
no possibility of their becoming frost- 
bound during a spell of cold weather, 
seeing that the general heat of the build- 
ing and possibly hot water service pipes 
installed in the duct are sufficient to keep 
the temperature above freezing point. 



ventilation pipe. 

Where the vertical pipes are fixed in 
exposed positions and subject to frost, 
if thesQ become icebound owing to leaky 
taps or taps not fully shut of, all the 
tenants above the blockage are debarred 
the use of any fitment on that stack 
until the blockage is freed. In the mean- 
time the first flat above the blockage may 
become flooded; via the closet, by users 
not aware of existing conditions. This 
considersrtion alone warrants at least the 
waste pipe being fixed inside the premises, 
or being placed where it is n £ exposed to 
frost. Some architedls still prefer the 
vertical pipes fixed in the well-^^oles or 
inner courtyards, with the branch wastes 
connected externally. (See Figs. 8 and 
9‘ in Frontispiece). 

Ventilation Pipes. The termination 
of the main -ventilation pipe can be carried 
up independently, and to the same height 


as the top of the soil or waste pipe, or can 
return to such pipe at a convenient point 
above the highest fitment. The advantage 
of the latter provision is that it gives 
economy without lack of efficiency ^and 
is applicable to a ppsition where the soil 
or waste pipe receives its highest discharge 
two or more storeys from the top of the 
building and has possibly a mansard roof 
to negotiate. This point is illustrated by 
I^ig. I of the article on Flats, page 421. 

The lower end of the main ventilation 
pipe is connected to the main soil or waste 
pij)e at a position not nearer than 9 in. or 
more than 2 ft. from the invert of the last 
connexion to the soil or waste pipe, or 
may be connected direct with the drain 
or manhole. See also Flats, Fig. i referred 
to above. 

This provision is enforced when the 
invert of the last connexion to the soil or 
waste pipe is less than 10 ft. from the 
invert of the drain. Its purpose is to 
avoid ail compression (see Back Pressure) 
at the foot of the soil pipe, set up by the 
fall of discharge from fitments situated 
on upper floors. This would otherwise 
disturb ^he water seal of the traps of the 
lowest fitments by back j:)ressure in the 
branch waste pipe, irrespective of the 
branch ventilation pipe. It is good 
practice for the branch wastes of the 
lowest fitments (situated in the basement) 
to be connected together and to discharge 
direct into the manhole, thus obviating 
any possibility of back pressure. The 
branch ventilation pipes arc also connected 
together and join the main ventilation 
pipe on the floor above, rendering it 
unnecessary for the main ventilation 
pipe to join the main soil or waste pipe, 
as previously described, seeing that the 
prescribed 10 ft. will be exceeded. 

The .one-pipe system is also suitable 
for houses, providing the sanitary fitments 
are conveniently groSped ; for instance, a 
lavatory basin situated in a bedroom on 
each of the two sides of the bathroom 
cc::'d be connected to the waste and 
ventilating circuits taking the bathroom 
fitments ; and possibly the hall floor 
cloak closet and lavatory basin, together 
with the kitchen or pantry sinks, could be 
connected to the same stack. The soil 
^d ventilation pipe would thus take the 
discharges from all these fitments direct 
to the drain, obviating the installing of a 
separate waste and ventilating pipe for 
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fhe washing fitments, together with a 
gully trap and its attendant branch drain. 

in the older town houses, closet accom- 
nqpdation is usually proi^ided adjacent 
to ^ hall, without a lavatory basin in 
the apartment. Thi^ washing fitment is 
now considered fully necessary, and 
providing the soil pipe is of standard 
requirements, it is a very simple job to 
connect the lavatory basin waste and 
ventilation pipe to the existing soil pip% 
by inserting a junction to receive the 
waste pipe and an inverted junction for the 
ventilation pipe. 

The system is ve^ adaptable for offices, 
^factories, and hospitals, where a sanitary 
wing to each floor is constructed and the 
fitments arranged above each other on 
succee^g floors, as shown in Fig. 8, 
Frontispiece. 

Traps. The question of traps is one 
which calls for due consideration, seeing 
that drain air is immediately behind the 
water seal of the trap, and the lattef may 
be one fixed to a lavatory basin situated 
in a bedroom or to a kitchen or pantry 
sink. The depth of the water seal to traps 
used for all washing fitments (im. baths, 
lavatory basins, bidets and sinks) is 
not less than 3 in. (under the dual system 
it is only in.), which provides greater 
resistance to siphonagc, back pressure 
and evaporation. All traps must be 
ventilated by means of a pipe not less 
than 1^ in. diame&r. 

The type of trap must be considered, 
and the legal requirement on this point 
is that it should be a suitable and 
efficient tubular trap." The tubular form 
of trap, whether of the P or S type (com- 
monly known as a siphon trap), has long 
proved a simple and self-deansing device, 
and contains the least amount of water 
compatible with its use ; such traps are 
obtainable of lead c-or hard metal (see 
text and illustration under heading Deep 
Seal Trap). With an adequate^ventilation 
pipe fixed in its proper position in relation 
to such trap (i.e, not nearer than 3 in. 
or more thw 12 in. from the crown of 
the trap), and with the flow of tiie waste 
water, which prevents fouling the pipe, an 
ideal arrangement is install^. Tne trap 
is proof against siphonage, aspiration 
and back pressure ; in addition, it is quiet 
in action. 

It has heeji argued that drain air may 
be absorbed by &e trap water and given 


off into the apartment. Against this 
it must be remembered that the air within 
the system is in constant movement, 
owing to the flushing of the various fit- 
ments ; air currents passing over the 
top of the ventilating pipes induce aspira- 
tion of pipe air, and convection currents 
are set up wdthm the pipe by temperature 
difference between the air within and that 
outside. With an adequate ventilating 
system, absorption of drain air is impro- 
bable ; the only danger of fouled air 
finding its way into the apartment by 
reason of the trap is due to decomposing 
soap fat above the seal. The distance 
between the water seal of the trap and the 
fitment should be as short as possible, so 
as to minimize the area fouled. In addi- 
tion, the secret overflow from the lavatory 
basin allows foul odours to arise. 

There are a number of patent traps on 
the market which rely on a small chamber 
of water for resealing the trap after 
siphonage has taken place. The purpose 
of their use is to avoid fixing a ventilating 
jfipe for maintaining the seal. The by-law 
requirement stipulates that every trap 
sh^ be ventilated when fixed on the 
One-pipe system ; therefore resealing 
traps must be ventilated. 

B. PIPES FOR THE ONE~PIPE SYSTEM 
(LONDON AREA) : MATERIALS AND 

JOINTING 

In the London area the following 
materials are permissible for soil and waste 
pipes : lead, cast-iron, galvanized wrought 
iron, and copper. 

Lead Pipes. On account of its physical 
properties, lead is not the best metal 
to use for main vertical waste pipes, but 
may be employed to advantage for short 
branch wastes and ventilating pipes, 
provided ample provision is made for 
expansion and contraction (Fig. 10. See 
Frontispiece to this volume) . It offers little 
resistance to the discharge passing 
through, owing to its smooth bo^e. 

Cast-Iron. This metal has proved 
quite suitable for vertical waste pipes 
when protected with a non-corrosive 
agent such as Dr. Angus Smith's solution. 
The exipansion and contraction of each 
pipe can be provided for by allowing a 
slight clearance .between the end of the 
spigot and the base of the socket when 
teing the pipe ; one-eighth of an inch is 
sufficient. There are improved sockets 
for cast-iron pipes whidi provide, recesses 
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for the molten lead to be caulked into, 
^ as to retain the lead of which the joint 
is made. (See Fig. ii.) 

Fittings, such as junc- 
tions and bends, are ob- 
tainable for practically 
any position required ; 
they shoilld be carefully 
examiijed before use, 
as small defects, due to 
faulty casting or rough- 
ened interior, may cause 
trouble when put into 
use. 

Galvanized Wrought 
Iron. This metal has not 
found favour for main 
waste pipes in the 
London area, probably 

SSJVor^f*'%ip“! due to cost, weigM, 
providing recettes manipulation, and the 

'"calTikinjE!*”* necessity of re-galvan- 

(Burn Bros.. Ltd.) jjjjng after bending. 

It is often used for branch waste pipes, 
is quite suitable if allowance for 
expansion is provided. It is not advised 
for ventilating purposes : condensation 
within the pipe, absorbing gases arising 
from decomposing soap fat in the waste 
pipe, may set up a corrosive action. The 
corrosion is progressive, with the possible 
• consequence of the pipe being blocked with 
rust, probably at a bend. 

Copper. This metal has been used 
for vertical waste pipes with marked 
success. It is comparatively light, tena 
cious, smooth in bore, adaptable to all 
positions, and requires little fixing ; while 
its strength and elasticity are other 
points ip its favour. For branch waste 
and ventilation pipes it can be easily 
manipulated ; allowance should be made 
for expansion and contraction when fixed 
in brick chases. 

Joints. The legal requirements for 
joints used in connexion with “ One-pipe 
work in the London area arc set out fully 
in the Ldndon County Council Drainage 
By-Laws, and provide for ai: new method 
or material which may subsequently be 
placed on th6 market and meet with the 
approval of the local authority. 

Every joint in such pipe shall be made in 
the manner and with the jointing materials 
hereinafter prescribed or otherwise in an equally 
suitable and efiftcient manner and with equally 
suitable material, and so as to pres^e the 
continuity of the pipe without obstruction .... 

The following are the prescribed methods. 


Lead. 

(a) Of lead, the joints dial! be of the kind 
known as burned, or plumbers' wiped soldered 
joints. 

Lead-burning for pipe joints is finding 
favour m making up loop system® for 
bathroom fitments, seeing that most of the 
work can be carried out on the bench, and 
there is a distinct saving in plumbers’ 
solder. The art of lead-burning (which see) 
is included in the syUabus of thp City and 
Guilds of London Institute (which see) 
and is taught at most technical institutes. 
If the plumber can meet the initial cost of 
acquiring the plant, which is approxi- 
mately £g, it wiU soon recompense him, 
providing he has sufficient work for it. 
The solder used for the plumbers* wiped 
joint is composed of lead 2 parts, tin 
I part. For full description of methods 
see Joints (i). 

Copper. 

(b) Of copper, the joints shall be of the kind 
known as compressed joints made with union 
nut or flanged couplings, or other suitable 
joints. 

Copper is now largely used for waste 
and anti-siphonage pipes, and there are a 
number of different types of compression 
joints (rMch see) that are adaptable. 
Under the heading “ Or other suitable 
joints," bronze welding (see Welding) is 
generally accepted by the local authorities, 
and has proved very satisfactory. The 
observations made above in respect of 
lead-burning are applicable to bronze 
welding. 

Cast-iron. 

(c) Of cast-iron with sockets, the joints shall 
be (i) made with a gasket of bemp or yarn and 
metallic lead properly caulked, or (ii) screwed 
joints with galvanized shouldered cast-iron, 
wrought iron or metallic iron sockets. 

The jointing of cast-iron pipes is fully 
described under the heading joints (2). 

Wrought Iron with Sockets. 

(d) Of> wrought iron yvith sockets, the joints 
shall be screwed joints with galvanized shouldered 
cast-iron, wrought iron, cV malleable iron sockets. 

Wrought iron and malleable iron socket 
joints are extensively used for the smaller 
diaiaeter waste pipe, and should be con- 
structed on the recess principle so as to 
preserve the continuity of the pipe 
(Fig. 12. * See p. 726). 

Cast-Iron with Flanges. 

(e) Of cast-iron with flanges, the joints shall 
be securely bolted together with some suitable 
||isertion. 

Wrought Iron with Flanges. 

if) Qt Vrought iron with flanges, the joints 
shall be made with galvanized xast-iron, wrought 
iron or malleable iron flange unions or flanges 
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securely bolted together with some suitable 
insertion. 

Both {e) and (/) are seldom met with 
fof waste pipe work, as cast-iron socketed 
pipe is available with an extensive range 
of 'Stings. 

Joint to Closet Outgo, When a P-trap 
pedestal closet is fixed to an iron 
junction and the floor 
is constructed of concrete, 
the joint should be made 
of Portland cement ; but, 
if the floor is constructed 
of wood joists and floor 
boards, which are subject 
to shrinkage, then the 
joint should be made o; 
red and white lead cement 
and hemp, which will 
allow shrinkage of the 
woodwork before the 
joint becomes hard, thus 
preventing the weight of 
the user from fracturing 
the outlet of the closet, 
which very 
occurs when the 
made of Portland cement. 

Joints from Soil and Waste Pipe to 
Drain. The following are the usual 
methods of connecting the main vertical 
pipes to the drain, and arc in accoi dance 
with the London County Council drainage 
requirements. 

Lead to Iron. Lead soil and waste pipe 
to an iron drain : A brass ferrule (some- 
times called a sleeve) is connected to the 
lead pipe by means of a plumbers' wiped 
joint or by a lead-burned joint, and the 
joint between the ferrule and iron drain 
socket is made with a gasket of hemp or 
yarn and molten lead, which is afterwards 
caulked flush with the top of the 
socket. c 

Lead to Stoneware. Lead soil and waste 
pipe to a stoneware drain : The brass 
ferrule is connected to the lead pipe, as 
previously described, and the joint to the 
stoneware drain socket is made with one 
ring of yarn at the base of the socket to 
prevent the cement from protruding 
inside the pipe, and Portland cement 
trowelled off to a triangular fillet. 

Copper to Iron. Copper soil and waste 
pipe to iron drain : The brass fferrule use^ 
to make this connexion can be jointed to 
the copper by compression or ’capillary 
joints, bronze welding, brazing or silver 


soldering, and caulked into the iron pipe 
with lead as previously described. . 

Copper to Stoneware. Copper soil and 
waste pipe to stoneware drain : The brass 
ferrule is connected to the copper pipe as 
previously described, and connected to 
the stoneware drain with a ring of yam 
and Portland dement. 

, Iron to Iron. Cast-iron 
or wrought iron soil and 
waste pipe to iron drain : 
The annular space be- 
tween the pipe and socket 
which forms the joint is 
filled with caulked yarn 
up to one-third its depth, 
and molten lead after- 
wards caulked' fills the 
remaining two-thirds. 

Iron to Stoneware. Cast- 
iron or wrought iron soil 
pipe to stoneware drain : 
The annular space is 
filled with Portland ce- 
ment, a ring of yarn 
having first been inserted 
the 

cement is trowelled off 
to form a triangular fillet at the top of the 
socket. 

Branch Vent Joint. When the main 
ventilating pipe is constructed of cast- 
iron and the branch vents of lead pipe, 
it is conunon practice to use a brass 
thimble connected to the lead with a 
plumbers' wiped joint, the connexion to 
the main vent being made with a caulked 
lead joint. This is the weakest joint in 
the system seeing that the depth of the 
thimble, which receives the spigoj end of 
the inverted junction, rarely exceeds in. 
while the minimum depth of socket on a 
2 in. cast-iron pipe is 2 J in; for a 3 in., 
2| in. ; and for a 4 in., 3 in. 

C. TESTING THE ONE-PIPE SYSTEM 

It is essential that the whole of the 
system should be airtight on test, seeing 
that drain air is now in direct contact with 
the traps of all sanitary fitments, some of 
which are situated in bedrooms and 
lcitchen§. The By-Law requirement on 
this pdint states : 

Such pipes shall be constructed so as to be 
watertight and to be capable of resisting a 
pressure of five feet head of water. 

The pressure on the sq. in. of i ft. head 
is 0-433 lb., so that the pressure required 
for 5 ft. head=:2-i65 lb. on the sq. in. 
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The ususd method of testing new work on 
high buildings is to insert an access cap 
in vertical pipe at each floor level, seal 
ends of all branch pipes, and submit the 
piping to a water test from the access cap 
at floor level up to the oile on the next 
floor, which is equivalent to 4-33 lb. on 
the sq. in. at the plug, for a height of 10 ft. 

This is fuUy necessa^, seeing that the 
vertical pipes are invariaoly fixed in buUt- 
up chases or ducts, with no prospect of 
rectifying defects when the work is com- 
pleted. Unfortunately, the most impor- 
tant joint (i.e, the joint which connects 
the fitting to the main waste) cannot be 
submitted to this test, as it is not expe- 
dient to fix the fittings until the partitions 
and plasterwork are finished. The only 
test that can be applied to this joint is 
an air test, giving a pressure of approxi- 
mately twice the depth of the trap water 
seal ; this, if there should be a closet fixed 
to the waste pipe, 
will be about a 3 in. 
water seal test, 
equivalent to o*io8 
lb. on the sq. in. II 
only washing fit- 
ments are connected 
to the waste pipe, 
then with the 3 in. 
water seal trap ap- 
proximately 0 in. 
hydraulic head of 
pressure can be 
obtained, which is 
equivalent to 0*2165 
lb. on the sq. in. 

{See also Drains: 

(3) Examination and 
Testing*) 

As to the efficiency 
of the system from 
a siphonic aspect, in 
installations properly 
planned regarding 
ventilation, the 
writer has taken a 
number of “ cc.” 

(cubic centimetre) 
tests of water content 
of traps fixed to bath- 
room circuits, which 
have proved highly 
satisfactory. 

Example. A cc. test 
was carrsd out on a i} 
in. sink trap fixed to 
the end of a loop circuit 


on *the first fioor. The test consisted of the 
simultaneous discharge from bath, lavatory 
basin, closet and sink, on the fifth, sixth and 
seventh floors, connected to a 4 in. main waste 


pipe and 3 in. main ventilation pipe. * 
The content of in. sink trap before 

test wfts 24f^c£. 

The content of in. sink trap after * 
test was .. .• 226 cc. 

Loss 14 cc. 


The loss of water seal to the closet was 1 inch. 

Repeated similar tests, using the same 
water after first test (i.e. 226 col), showed 
no further loss ; therefore the resistance of 
the trap water was sufficient to withstand 
this abnormal test. A further test was 
carried out successfully by three persons 
discharging any of the fitments at will. , 
D. PLANNING ONE~PIPE INSTALLATIONS 
There is a distinct tendency in modern 
planning to devise high-class residential 
flats with a central corridor and flats on 
either side of the cqrridor (Fig. 13). The 
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sanitary fitments are so arrai^ed that a 
bathroom of one flat and a kitchen from 
the next flat are connected to the same 
dlict, which has an access door opening on 
the corridor. Both these apartments 
are situated internally and are ventilated 
mechanically (see Fkt). 

The advantages claimed by adopting 
the one-pipe system are : two main pipes 
instead of four ; simple design ; less 
maintenance; economy of space when 
main pipes are fixed inside ; absence ^)f 
foul gtdlies — ^therefore, more hygienic 
system ; no risk of frost when pipes are 
fixed internally ; architectural advantage : 
fewer pipes to disfigure elevation. 

Figs. 14-16 bn the Frontispiece show 
one-pipe units for two ground floor flats. 
Figs. 15 and 16 being the start of the units. 
The plumbing work shown is carried 
out in a similar manner on each of the 
three floors above. .The tinned ends of 
the waste and vent pipe on the right of 
Fig. 15 and the left of Fig: 16 are to be 
continued to form a loop for the reception 
of the several traps (see plan). 

Several photographic illustrations are 
given (in the Frontispiece to this Volume), 
showing copper models of one-f>ipe units 
with sif-bronze welded joints. These are 
typical of actual installations, whether 
constructed of copper or cast-iron vertical 
main pipes, and copper or lead branch 
waste and vent pipes. In all cases the 
vertical waste papes can be installed 
in a chase or a duct, while the branch 
pipes can be chased into the brickwork or 
covered with a dwarf slab partition forming 
a plumbing space behind. 

Figs. 17 to 21 are described in detail 
on the Plate. Note in Fig. 17 that 
the main ventilation pipe is returned 
to the main waste pipe for the purpose of 
taking up the compression of air set up 
by the change of direction of flow 6f waste 
water, as previously explained. This 
feature occurs in each of the models 
shown, and is in consequence tlte first unit 
connected to the drain. * 

In Fig. 19 it should be noted that the 
branch wastes do not connect to the main 
waste pipe direct. If the installation is 
entirely of copper, then direct connexion to 
stack could he made ; but with a cast-iron 
main waste, a 180 deg. cast-iron junction 
and a short length of 2-in. lead pipe, it 
can receive a number of lead* branch 
wastes within a restricted depth of tfoop 


E INSTITUTE OF PLUMBERS MINIMUM 
SPECIFICATION 

As a general guidance m*the installation 
of the " One-Pipe " system, the Institute 
of Plumbers have included in their 
Minimum Specification No. I (1938 edition, 
2s. 2d. from the Secretary, Institute of 
Plumbers, 8r, Gower Street, W.C.i) a 
section covering this system. 

The name selected to^ define what is 
commonly known as tlie “ One-Pipe " 
system is " Combined System," and the 
Institute " confidently recommend the 
adoption " of the system. Particular 
stress is laid on the elimination of the 
guUy trap, which in the older system re- 
ceives the discharge from all washing 
fitments. Incidentally, it is primarily 
the abolition of the gully trap, together 
with its attendant nuisances, that con- 
stitutes the new system. 

Advice is given on grouping the fitments 
with the object of reducing the length 
of piping used. Proper accessible plumb- 
ing space is advocated for inside soil pipes, 
<and that a suitable and efficient trap is 
to be fixed immediately beneath each 
fitment ; the depth of water seal being 

2 in. where the waste pipe is not less than 

3 in., and 3 in. in depth where it is less 
than 3 in. 

All traps, it is stated, are required to be 
ventilated into the open air. It therefore 
rules out all resealing traps, unless a ven- 
tilating pipe is installed. (For require- 
ments concerning vent pipes see under 
the heading Anti-Siphon Pipe, page 53.) 

There are a number of drawings given 
in the Specification which set out very 
clearly the general layout of various 
groups of sanitary fitments. • 

A four-storey building (Fig. 22) with a com- 
bined soil and waste pipe and main ventilating 
pipe is presented as a general example. The 
vent is connected direct to the iron manhole, 
and terminates at the same height as the soil 
and waste pipe. Note that the sink waste in 
tile lowest storey connects to the ventilating 
pipe and not to the soil and waste pipe. The 
object is to ensure that the foot of the main 
ventilating pipe is flushed by the discharge from 
the sink and, therefore, free from drainage 
obstruction. 

The next floor has a doubly loop system 
i^ceiving four closets on one loop, and a range of 
five urinals, together with a sir^ on the second 
loop. In Edition to the access cap on the 
junction, access is provided on the branch vraste 
receiviM the urinads to assist in clearing. 

The floor above also has two loops ; one re- 
ceives a range of six lavato^ basins which 
discharge into the lower junction. The second 
loop receives the discharge from a bath and 
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lavatory basin ; the closet is taken into the 
main stack separately, and the trap ventilating 
pipes join the top part of the loop before it con- 
nects to the main ventilating pipe. 

The top floor also has two loops ; one receives 
two shower fitments, while the .second loop is 
similar to the one immediately below. The 
main ventilating pipe can return to the main 
waste stack above the top-floor fitments, as 
indicated by the inverted junction. The main 
stacks, and some of the branch wa.stes and 
vents are cast-iron, while the remainder of the 
piping is shown in lead. 


It is a very comprehensive layout and 
depicts very clearly the general principle 
of the system. Modification would, of 
course, be necessary, particularly where It 
is not desirable to show waste pipe wo^ 
at ceiling level in the room below, 
false ceiling is impracticable. 

Paragraph 4 of this section of the 
Specification deals with the ventilation 
of traps (Anti-siphon pipes) : 

jfentilating of Traps (Anthsiphon Pipes). '* The 
trap provided in connexion with every fit- 
ment should be ventilated into the open air at 
a point as high as the top of the ventilating 
pipe, or into the ventilating pipe at a point 
above the highest fitment connected with such 
pipe. The ventilating pipe should be connected 
at its lowest end in the direction of the flow, 
at a point below the lowest branch on the soil 
pipe, or to a suitable connexion in the inspection 
chamber at the invert level of the drain.” 

The sizes for ventilating pipes from 
such traps are as given in the Table in 
page 53. 

If applied to a range of lavatory basins 
this Specification secures that tlie vent 
pipes from each basin are at such a height 
that they cannot under any circumstances 
be utilized as a waste pipe, in the event 
of the w^te pipe being blocked. When 
the main branch vent pipe is fixed below 
the lavatory basins, as very frequently 
occurs, it is possible for the vent pipe to 
act as a waste pipe under the conditions 
quoted, with the possibility of blocking 
that portion of main branch vent pipe. 
Ample access is provided to clear the 
branch waste pipe if a blockage arises. 

Lavatory basins and bathroom units 
arc described in the Specification with 
diagrams. Loop venting, it is stated, 
“should be adopted wherever practicable.’* 


ONE-PIPE SIMPLIFIED, OR SINGLE-PIPE' SYSTEM 

M.R.Ssn.l.. M.S.I.A., R. P. 


By F. C. Cook, 

The Post-War “ Building Study ” No. 4, 
Plumbing (see Supplemimt to Vol. 3 of this 
work) devotes much space '0 the con- 
sideration, effpetivenesstand improvement 
of the One-Pipe system described in the 
preceding pages. The consideration^ of the 
investigators on the Committee, and the 
system they propose, which is referred to 
in thfe Report as “ One-Pipe Simphfied, 
or, as the writer prefers to call it, " Single- 
Pipe," are dealt with in this section. 


Exclusion of Foul Air from the 
Building. It is stated that : " the dis- 
posed pipes should be so designed that the 
water seals in all the traps are maintained 
under all. conditions likely to arise in 
practice.” 

Some difficulty is usually found in main- 
taining the water seal at the prescribed 
depth (By-Law requirement) under all 
conditiot^, a fact which can be appreciated 
when aae examines the water seal of the 
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trap-ventilating pipes were omitted. 
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water closet on a windy day and 
notes the oscillation of the trap water 
caused by the varying air pressure, 
resulting in some of the trap water 
waving out tind so reducing the 
water seal. 

The standard recommended in 
American plumbing is thaf with a 
2 in. seal it shall not be ^educed to 
less than i in# (Incidentally, the 
Ministry of Health Model By-Laws 
do not even require a trap to be 
fixed to a washing fitment waste 
pipe under 6 ft. in length, when it 
discharges into a gully. Under 
such conditions a .steady flow of 
fouled air passes into the apart- 
ment, due to convection air currents 
set up within the waste pipe by a 
higher inside temperature of air 
than that prevailing outside.) 

To obtain reliable data on this 
part of the subject, the Committee 
carried out full scale tests on bath- 
re; om fitn vjnts 

closets) and kitchen sink, using both 
one and two floors for the tests 
(Fig. 23 opposite). 

'the principle involved was to adopt 
the ** One-Pipe ” system of plumb- 
ing which has been practi.sed in the 
London area for over 14 yc'ars, and consists 
of combining the soil and wa.ste pipe 
or connecting the waste pipe direct to 
the drain without the interposition of 

gully trap, and providine: vcntilati^;/ 
pipes to all traps (see pages 720-728). 

Although this system has proved 
efficient and more economical than the 
two-pipe system (where waste water lit- 
ments discharge tlieir contents into a foul 
gully trap, and the soil pipe discharges 
direct to the drain, as shown in Fig. 24) 
the Committee considered that further 
economy could be obtained by* omitting 
trap vei;tilating pipes to the “ One-Pipe " 
system, providing there was no loss of 
kficiencj^, thereby installing what is 
really a Single-Pipe ” sy-tem. 

With this end in view plu.iibing fitments 
were installed, using* various size pipes 
in both length and’ diameter ; 12. layouts 
were installed and submitted to abnormal 
tests, which consisted of discharging three of 
the four fitments simultaneously and noting 
the efi ct on the water seal of the fourth 
fitment and also of the fitments distharged. 

It would appear from a careful study of 


the chart from the Report (Fig. 23), which 
displays details of 8 of the 12 tests, that the 
best results were obtained with the larger 
size vertical pipes, and also that branch 
I)ipes of largo diameter are favoured. It 
will also be noted that P traps are used, 
and that the fall of the waste pipe does noi 
exceed the depth of the trap seal, which, 
in consequence, renders sclf-siphonagc 
impossible, .seeing that the trap and waste 
pipe do not form a siplion. 

The branch wastes of washing fitments 
are separately connected to the main 
stack, and not interconnected (except in 
two instances, when marked siphonage 
took place) thus obviating the action of 
siphonage by aspiration on the fitment 
trap not being useef To overcome this 
action on the branch wastes, w'hcn, say, a 
closet js discharged, it will be noted that 
larger diameter vertical stack gives the 
best results. Also, less favourable results 
are obtained when the main ventilation 
pipe is oJ smaller diameter than that of the 
soil pipe (as shown in test No. ii and 
No. 12 on the chart). 

In No! I layout (not shown on the 
chart) a closet was installed on each 
of tke*two floors, and the test revealed 
large air bubbles passing through the trap 
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water of the lower closet, when the full 
test was made from the upper floor. This 
action indicated that compression of air 
was set up at the base of the stack and 
pp^sed into the closet branch, since the 
tra^ water offered insufficient resistance to 
the air pressure. • 

Under these conditions it is safer to 
connect the lower closet to the manhole 
direct, although I am convinced that if 
the connexion to the drain is in the form 
of a long radius bend or bends^ the frih- 
tional resistance will be negligible ; the 
governing factor on this point will be the 
depth of the manhole. 

The abnormal tests previously men- 
‘ tioned consisted of the washing fitments 
being filled with water up to overflow 
level, 2 gallons of water tipped into the 
closet in which were placed 6 pieces of 
newspaper 8 in. by 6 in. and the contents 
of flushing cistern • discharged simul- 
taneously. These conditions are not likely 
to arise in ordinary use, and from enquiries 
made I learn that in normal use with the 
larger diameter pipe, no measurable loss 
was experienced. 

The Committee's activities were con- 
fined to 2-floor buildings, but thef propose 
to extend their experiments on similar 
lines to multi-storey buildings. 

The general conclusions arrived at on this 
part of the Report are as follows : — 

(а) Simple One-Pipe systems (Single-. 

Pipe) for one or two-storey housing 
can be designed under practical con- 
ditions of use, without siphonage of 
traps in spite of the absence of 
special trap ventilation. 

(б) The size of stacks and branches has a 

^tnk 'md 
bath traps 

Bath 
waste 


SiiaC/eset 
' branch 


controlling influence on the liability of siphon- 
age, the use of 4 in. stacks with 2 in. waste 
branches giving safer conditions than obtain 
with smaUer stacks and branches. 

(c) When the wash-basin is run directly to the 
common stack, it is much less liable to siphon- 
age of its trap than when it is dropped verti- 
c^ly to the ^th branch. 

These conckasions appear to be sound, 
seeing that they are based on the experi- 
ence gained by ^practical test, and I feel 
sure that the basic princfples will be in- 
cluded in subsequent By-Laws. This will 
enable plumbing work to be carried out 
more economically and without loss of 
efficiency. 

I supervised the installation in 1936 of a 
“ Single-Pipe " system in a block con- 
taining 6 storeys, used as artisaps' dwell- 
ings (Fig. 26A--C). 

The stack, which was in 4 in. copper 
pipe, was situated at the head of the 
drain, which conse- 
quently discharged into 
a sh^ow manhole, 
necessitating a fairly 
sharp bend after con- 
necting the lowest 
closet to the stack. 

Foreseeing that com- 
pression would be set 
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ONE-PIPE SYSTEM, 
installed in a six-stora 
gave no trouble and wl 


Fig. 26A, B, and, C. Plan, elbvatlon and section of a “ Single- Pipe ” system 
ly building in 1936, supirvised by Mr. F. C; Cook (for details see text). The system 
fhen Inspected 12 years later showed under test i in. loss of seal In 2 closets and no 
measurable loss In washing fitment traps. 
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up at this closet, a branch drain was in- 
stalled to receive it if required. 

After repeated abnormal tests, it was 
found to have lost i in. of its 2 in. seal, due 
to compression, and was therefore con- 
nected to the branch drain. The bath waste 
connected to the stack on the same floor 
showed no appreciable loss, due to the 
resistance of a 3 in. water seal in the trap. 
The maximum loss of ^ater seal to the 
closets on the ifpper floors was J in., which 
was considered satisfactory, while no 
measurable loss was found in the 3 in. 
seal traps of the washing fitments, the 
waste pipes of which were 2 in. copper. 

I inspected the stack after it had been 
in use for 12 years, and measured the depth 
of seals of all the fitments, with the result 
that two closets showed J in. loss of seal, 
and no measurable loss to the washing fit- 
ment traps ; I was informed that the stack 
had given no trouble since it was installed 
12 years ago and in constant use since. 

The principle involved is not new and is 
provided for by implication in the L.C.C. 
Drainage By-Laws Sec. 10 (1) (c), and 
applies to waste water fitments which 
discharge into a gully trap, and reads as 
follows : — 

Ventilation to traps. In order to preserve 
the seal of the trap of any such fitment such 
trap shall be ventilated whenever necessary 
by a ventilating pipe . . . 

Advantage is frequently taken of this 
section when installing blocks of flats 
up to five storeys in connexion with 
Housing schemes, using a 3 in main wasL 
pipe to receive the separate waste pipes 
fitted with in. seal P-traps and provided 
with a sluggish fall, and no trap ventilation 
pipe ppovidcd. 

I have applied maximum tests to these 
systems and found negligible loss of seal, 
while with ordinary use there was no loss. 

Seeing that the above installation is not 
only permissible, but sound from a hygiene 
standpoint (apart from its discharge into a 
gully, wjiich is always in a fouled con- 
dition, and from which foul odours must 
arise) and that only ij in. t M trap need be 
fixed, the following consequences arise. 

It would appean logical reasoning to 
remove the foul gully, connect the stack 
direct to the drain, and, as an extra factor 
of safety, install 3 in. seal traps to the 
washings fitments, thus providing additional 
resistance to the action of aspiration. By 
this method, the cost of the ventilation 


pipes, their installation and maintenance 
is saved, no loss of efficiency i^esults and a 
more hygienic S5'stem is installed. 

The existing L.C.C. Drainage By-Laws 
require ventilating pipes to all traps of 
waste water fitments if the gulij^ JrfCp 
is omitted and the v;aste pipe connected to 
the drain. I have shown that they serve no 
useful purpose so far as maintaining the 
seal is concerned, unless the waste pipes 
from two or more fitments interconnect 
to the branch waste pipe ; then trap venti- 
lation is necessary in order to maintain 
the seal. The By-Law requirement reads : 

See. 10 (2) (6) II. ... be ventiiuted in the 
manner prescribed in TIy-l.aw 9 for the 
ventilation of trap of soil fitment. 

By-Law 9 (i) reads : . . . the trap of every ^ 
such soil fitment or waste water fitment 
shall be ventilated. 

It would appear, therefore, that in order 
to install the Single-Pipe system legally, 
the provisions of the By-Laws must be 
altered, and extended, so as to include the 
system. Consideration was (in 1949) b(*ing 
given for its inclusion in the revision of 
the L.C.C. By-Laws on Drainage. 

ONE - PIPE SYSTEM ; Heating. 
Principle of hot water heating in which 
a single^:)ipe circulation is used in mains 
and branches. Radiators have both their 
service connexions into one pipe ; hence 
distinctive name. See Heating : (2) By 
Hot Water. 

OVERCLOAK. The * over-lay *’ or 
** passing " in a weathering of sheet lead 
in roof coverings. It is the top piece of 
lead passing over the lead below, as for 
instance the top cover on a lead roll or a 
drip. The term is used where bossing or 
working is required, rather than with a 
plain ** lap *’ or passing. The passing 
below is the " undercloak *’ {See Figs. 1-3). 

The overcloak protects or weathers the 
plain eflge of the under lead. 

Considerable skill is required to work 
the lead of drips without unduly stretch- 
ing the sheet in the internal angles. 



OVERCLDAK. Fig. 1. Sectional elevation showing 
•heet^ao weathering to wood core roll and indicating 
undercloak and overcloak. 
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OVERCLOAK. Fig. 2. Overcloak to drip ready for 
bossing into the shape indicated by dotted lines. 



Fig. 3. Overcloak to drip nearing completion, showing 
convex lead pocket and steel drift plate In position 
for working. 


Unskilled or unpractised workmen often 
produce what is known as a “cock*s-eye" 
— i,e. a small tear in the cornqf. The 
same degree of skill is required to work 
the lead home on the ovcrcloak of a roll 
abutment to a vertical wall (Fig, 4) or to 
a drip. — A, C, Martin, M.RSanJ,, R,P, 
See Drip ; Gutter ; Roofwork in Lead, 
OYER FL AS H I N G. Term applied to any 
piece of cover flashing. See Flashings. 

OVERFLOW. Overflows to modern 
lavatory basins and sinks are cast or 
otherwise made as an integral part of the 
fitment and should consist of a glazed 
tube, or pipe, leading from the inside of 
the basin or sink at a height at which 
the water can overflow without flowing 
over the top edge, to a position between 
the top and bottom of the wastfe hole. 
This overflow tube should be of sufficient 
size to carry away the discharge from 
valves over the basin or sink when run- 
ning together at their maximum ca'J)acity. 

It is obvious that with the mouth of 
the overflow in such a position, soapy and 
greasy matters floating on the top of the 
water will flow over into it. These mat- 
ters wiU cling to the side of the overflow, 
there to accumulate and eventually block 
the pipe unless the overflow is cleansed. • 
To avoid this trouble, the oveBflow to 
such fitments should be open to ^ew. 



Fig. 4. Overcloak In flashing (with undercloak Indi- 
cated by dotted lines) as used to provide watertight 
side of gutter. Overlap Is In direction of flow. 


readily accessible for cleansing, and large 
enough to admit a cleansing appliance. In 
a large number of kitchen sinks still being 
fitted, the inadequate access for cleansing 
gives rise to smeU and other nuisance. 

When fixing the brass waste fitting see 
that the hole in the fitting is large enough 
and free, and that any material such as 
red and white lead used for bedding-in 
tjic waste is kept clear of the overflow hole. 

Baths. The provision of an overflow 
to a bath in the same manner as described 
above (that is, to provide an overflow 
pipe so that the water discharges into or 
above the water seal of the trap) is not 
eminently satisfactory, on account of the 
difficulty of access for cleansing purposes. 
However, combined standing waste and 
overflows to bath are still provided. 
Another method often adopted is to con- 
nect the bath overflow union to the bath 
trap with a short piece of lead pipe. 

The overflow from a bath or, for that 
matter, a sink or lavatory basin, must not 
enter a waste pipe on the outlet 'side of 
the trap. 

The By-law of the Metropolitan Water 
Board in respect to overflow pipes from 
baths, basins and sinks is as follows : 

54. Overflows of Baths, Lavatory Basins and 
Sinks. [Every overflow pipe] provided in 
connexion with a bath, lavatory basin or sink, 
shall be so fixed that its outlet, or the outlet of 
any waste pipe with which it communicates, 
shall, where practicable, be in an exposed and 
conspicuous position where the discharge of 
wfiter may readily be %een. 

while the amendment to the above By-law 
reads : 

[An overflow pipe or waste pipe which is 
connected directly - with a sewage drain or 
sewage drain ventilating pipe or the soil and 
waste pipe or ventilating pipe of a water closet, 
slop sink* intended for receiving solid or liquid 
filth, or urinal] 
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This amendment takes into considera- 
tion qases where baths, sinks and lavatory 
bpin wastes are discharged into a soil 
pipe or drain, in which case a visible end 
is not possible. In such cases the Board 
are compelled to rely on the visible inlet 
provided for in By-law No. 52 as the only 
check on waste of water. • 

Overflow pipes provided to baths, 
water waste preventer? and storage cis- 
terns should m each case be of suflicient 
xliametcr to carry away the dii^i barge from 
the point of supply when running at its 
maximum capacity. If this rule is not 
adhered to and a smaller pi]:)e is provided, 
serious results may ensue from flooding 
should the water be left running in the 
case of .the bath, or a washer fail in the 
case of the ball valves. 

Warning Pipe. To each of these 
fitments a projecting overflow pipe must 
be provided as a warning i)ipe ; care 
should be taken that damage to persons 
or property is not likety to arise by a 
d i scharge therefrom . 

The Metropolitan Water Board By-kw 
definition in respect of these overflows 
reads : 

Warning Pipe. An overflow pipe so fix(^d 
tl.iit its outlet is in an exposed and conspicuous 
ptjSition where the discharge of any water may 
readily be seen an<l where ])ractit:n.ble, outside 
the house or building. 

and with special regard to cold water 
cisterns the following by-law is quoted : 

33. Overflow Warning Pipes. Every cold 
wat(!r cistern shall be provided with an efiicief.t 
warning pipe and with no othe^ .j .erllow pijie. 

In regard to tlu^ size of an overflow pipe, 
the M.O.H. Model Specification reads that 
every flushing cistern shall be provided 
with 3 warning jrlpe of not less than J-in. 
diameter. This stipulation is repeated in 
the Minimum Specifleation of the Institute 
of Plumbers, which requires that a warning 
pipe or overflow pipe should not be les.- 
in internal diameter than J in. Where 
the inlet pipe to the cistern is of an 
internal diameter of | in., or over, the 
warning pipe or overflow pipe should be 
at least one size larger thvk, the inlet pipe. 

With regard to th» height in the cistern 
or tank at which -the overflow should* be 
fixed, the specification reads 'that the 
centre of the pipe should be at least t J in. 
' below the centre of the ball valve. In no 
case should the overflow be fixed above 
the level of the inlet pipe. 

Hinged' copper flaps fixed to the ex- 


ternal ends of overflow pipes, especially 
those of large diameter, will prevent the 
ingress of birds and debris ; and, in the 
case of bath overflows, will prevent a . 
draugljt of cold air being drawn into t;hc 
pipe to cause discomfort to the bath<Iser. 
—W. J. Woolgar, M.R.San.L 

Sec Bath : Cistern ; Sink ; also Metro- 
politan Water Board ; Model By-laws. 

OVERHEAD SYSTEM (Heating). 
System in which the pipes or pipes and 
Radiators are ])laced overhead instead of 
at or near the floor. 

Many buildings — especially of the 
factory type — arc heated by overhead 
pipes or radiators, an arrangement giving 
clear floor space which is sometimei?* 
valuable ; but the modern factory struc- 
ture is not suitable for this type of heating, 
as the warmth is prone to remain at a 
high level. If heating surface must be 
fixed overhead, fiyis should be installed 
to blow the warm air down towards the 
floor. Hence the use of Unit Heaters 
{irhich sec). 

Overhead systems are sometimes carried 
out with ]upes or flush radiator panels 
fixed in ceilings, and the warming of the 
rooms effected by radiation only ; but 
in this case it has been found best to place 
also some heating surface at or near the 
floor line. 

Gas-heated panel and radiant heaters 
arc frequently placed overhead (acc Gas 
Fires; also Radiant Heating). 

Overhead Pipe System. The term 
overhead system is also aj)plied when, in 
order to obtain a good circulation, the 
main flow and distributing pipes arc 
carried overhead with dropping pipes to 
feed radiators which may be at tlie same 
level as the boiler. 

OXY-ACETYLENE SYSTEM. 
Welding: (i) Oxy- Acetylene Process; 
also Acetylene ; Fusion (Flame) Cutting ; 
Lead-Burning. • 

OXY-COAL-GAS SYSTEM. For 
any welding, brazing or soldering processes 
it is necessary to have a localized source 
of heat. In the oxy-acetylene process 
{see the heading Welding) it is the acety- 
lene which supplies the heat. For some 
purposes, however, the high temperature 
of the oxy-acetylene flame (which has 
been computed to be about 3,500° C.) is 
too intense. Accordingly, other fuel gases 
lia\j5 been adopted. Of these one of the 
ipost important is coal-gas. 
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The oxy-coal-gas system may be used 
for the cutting of metals, for brazing and 
for soldering, but not for welding. The 
coid'gas may be taken either from the 


uns or from cylinders into whicl} it has 


/ OXY-COAL-QAS SYSTEM. Injector 
type oxy-coal-gat brazing and heating 
blowpipe, used by the plumber for hard 
soldering, brazing. 

British Oxvoeu Co., Ltd. 

been compressed. In the form- 
er case it is necessary to have a 
non-return valve attached to the mains ; 


j^whilst in the second case a pressure regula- 
tor must be attached to the cylinder. In 
both cases the equipment necessary is simi- 


Oxygen cylinders most commonly used 
in industry are lOo, 150, and 200 qu. ft. 
Smaller and larger sizes up to a capacity 
of thousands of 


cubic feet are 

^ ^ also available. 

For steel- 
works, foundries, 
"" shipyards, en- 

gineering workshops, etc., supplies are 
usually made in the liquid i(Stm to a liquid 
oxygen evaporator. From it pipelines run. 
to points of consumption so that oxygen 
for welding or cutting is available "on tap." 
This obviates the transport and storage 
of large quantities of oxygen cylinders. 


Compressed oxygen is a strong supporter 
of combustion. No grease or oil.sljould be 
allowed to come into contacf with it. 


lar to that for the oxy-acetylenei process ; 
see therefore under the headings Acetylene 
and Welding. 

The oxy-coal-gas system utilizing coal- 
gas from a cylinder resembles the high 
pressure oxy-acetylene system. When the 
coal-gas is taken from the mains, the 
system resembles the low pressure oxy- 
acetylene method, but it is not necessary 
to have a hydraulic valve for coal-gas, 

A typical oxy-coal-gas braziflg and 
heating blowpipe is shown above. It is 
of the injector pattern, and may be. used 
for general coppersmith and plumber 
work ; also for brazing and hard-soldering. 

The oxy-coal-gas system has also been 
used extensively for lead-burning ; see 
under the heading Lead-burning. 

The greatest advantage of coal-gas is 
that it is very cheap. The disadvantage is 
that the source of heat is not so localized, 
and accordingly jobs take longer when 
coal-gas is used. — N, F, Daniel, BSc, 

See Oxy-Hydrogen System. 

OXYGEN. Oxygen when used in 
conjunction with a suitable fuel gas^ such 
as acetylene or coal-gas, is the mo.st im- 
portant gas for we^ng, cutting and 
brazing metals. It is supplied to ;the trade 
in steel cylinders under a prej'.sure gf 120 
atmospheres. It is manufactured by first 
liquefying air and then distilling off the 
nitrogen. The liquid oxygen so formed is 
then gasified and compressed intd cylin- 
ders. ^The purity of commercial oxygen 
has reached a very high standard. The gas 
usually available is about 99 5 per cent, 
pure. The impurities are mainly nitrogen 
and argon, both of which gases are in^t. 


Valves, stopcocks, pressure gauges, etc,, 
should never be lubricated or there will 
he danger of ignition, or even explosion. 
Again, oxygen should never be used in 
place of compressed air for removing grit 
or dirt from pipes, tubes or fittings ; nor 
shpuld it be inhaled as a stimulant. 
Inhalation has caused fatal accidents. — 
N. F. Daniel, B.Sc. See Air ; Welding. 

OXY-HYDROGEN SYSTEM. 
Method of brazing or soldering in which 
hydrogen is used as the fuel gas. The 
hydrogen may be generated on the site 
(low pressure oxy-hydrogen system), or it 
may be taken from cylinders (high pres- 
sure hydrogen). If made on the site a 
small generator is necessary : the hydrogen 
is made by the interaction between dilute 
sulphuric acid and zinc spelter. In the 
high pressure system hydrogen is taken 
from steel cylinders under a pressure of 
120 atmospheres. « 

In details the low pressure and high 
pressure oxy-hydrogen systems are similar 
to low pressure and high pressure oxy- 
acetylene systems respectively. 

Hydrogen is rarely used for brazing or 
soldering, its principal application being 
for lead-burning. The* great advantage of 
it is that it gives a very small, very clean 
flame. The flapie is easy to manipulate, 
and is admirably suited for intricate work. 
Di^dvantages are that if the compressed 
hydrogen is used it is’ expensive ; while 
if generated hydrogen is used the equip- 
ment is messy and inconvenient. — 
N. F. Daniel, B.Sc, 

See Acetylene; Lead-Burning; Oxy- 
Coal-Gas -System ; Welding. 
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P ANEL HEATER» Electric Heaters 
in which the heating elements are hid- 
den behind flat sheets of metal or panels. 
Term is usually applied to low temperature 
heaters frofti which the emission per 
sq. ft. of heating surface is low. 

The ideal temperature for panel warm- 
ing is about ioo°F., but stfch a large area 
of panel would be reguired that it is 
usual to effeqj a compromise and work 
at a temperature of i8o®F. to 200 °F., 
which corresponds to a surface loading of 
approximately loo watts per sq. ft. 

It is usual to fit the elements in shallow 
boxes of sheet metal, the front of which 
forms the emitting surface ; occasionally, 
however, cast-iron boxes are used. The 
front panel may be mounted flush with 
the wall or ceiling — a very neat con- 
struction ; or the heater may be mounted 
on the surface, a method which can be 
applied with little effort. Several panels 
may be mounted side by side, so as to 
build up a large heating area. 

Position for Heaters. The actual 
position of the heaters in the room is1)f 
the greatest importance, because on this 
depends the relative proportions of radiant 
and convected heat. Panel heating is 
intended to heat by low temperature 
radiation (see Radiant Heating), and 
consequently the position of the heaters 
should be so chosen that the convection 
losses are kept to a minimum ; obviously, 
this position is in the neiglibourhood of 
the ceiling. There are bound to b» 
convection losses even here, due to th< 


about three to four feet above the level 
of the floor, where the heat 1‘ays are not 
screened by furniture. 

As the panels depend for their effeef on 
radiation, the* way in which they ^re 
finished is of great importance.* T'he 
panels should not be of polislied metal or 
be finished with metallic paint, as these 
finishes retard radiation. But, apart ffom 
this, the panels may be finished to tone 
with the decorations of the room. 

• Panel heaters have only one effective 
surface, and loss of heat to the walls 
should be prevented by interposing a 
layer of heat -insulating material, such as 
cork or some proprietary material, about 
one or two inches thick, between theT* 
back of the heater and the brickwork. 

Even so, the effect of panel heaters is 
to raise the temperature of the walls 
slightly above that of the surrounding air, 
with the result that conditions of comfort 
can be obtained with a lower air tempera- 
ture than would otherwise be the case, 
and the further result that stuffiness is 
avoided. Windows normally are at a 
temperature not far removed from that 
prevailing outside, and may in cold 
weathef produce a feeling of chilliness and 
feeling of discomfort in that side of the 
body which faces them ; but they will 
reflect heat from panel heaters favourably 
placed. 

Panel heaters are sometimes fitted low 
down in the wall, but in this position 
there is considerable convection loss 
and they correspond to a low temperature 


circulation of ven- 
tilating currents ; but, ^ 
nevertiicless, if the sur- 
face of the panel is flush R 
with the ceiling or even ' I 
sunk below it, the con- ^ 
vection losses are small, ^ 
Tests by reputable au- | 
thorities have shown that I 
this is by far the most |1 
efficient* method of heat- jl 
ing a room, showing an ^ 
advantage over other 
methods of • about 2^per | 
cent. Many people, how- | 


' 'L 
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■ 
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ever, object to heat rays 
striking them from 
directly overhead, and 
for ithir, reason frequently 
a compromise is effected 
by mounting the heaters 


U. 


PANEL HEATER. Fig. 1. “ ^raby *’ all-tteei panel heater: ehowing 
angle-iron frame and^aterproof back in position, and front plate (containing 
element) ready to be fixed : (1 ) rolled steel plate ; (2) refractory material 
encasing nickel-chromium heating element j (3) mica stripe for extra 
insulation ; (4) special Insiilalion to prevent heat loss from panel back ; 

(6) galvanized sheet boxed around angle of frame to Isolate elements. 

* Georgs O'Sfll 4 Co.. 1 
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“ radiator (or, more correctly, a con- 
vector). They are, however, slightly 

more efficient than this form of heater, 
• because none of the heat rays are screened. 
Oc^sionally panel heater? are sank in 
the wainscoting or even *in the floor ; 
in these positions tHey correspond to 
tubular heaters. 

It is, of course, a common practice to 
place heaters underneath windows so 
as to prevent the down-draughts that 
would otherwise be caused. This practice* 
should still be followed when a large 
room with large areas of window has to 
be heated. Panel heaters fitted in the 
ceiling or high up round tho walls would be 
Supplemented by smaller panel heaters 
(or preferably by convectors) placed under 
the windows. 

For ideal conditions it is an advantage 
to fit a high temperature radiator or fire 
as well, to supply a visible radiant source, 
which has a beneficial effect both mentally 
and physically. But such elaboration is 
expensive and can be employed only 
when cost is not the first consideration. 

Panel Radiator. There is another 
form of panel heater, known as a panel 
radiator. This type operates at high 
temperature, and is usually mounted or 
suspended at ceiling height, being inclined 
slightly downwards. The chief use of 
these, which are not properly regarded 
as “ panel heaters,” is for intermittent 
heating (in bathrooms, for instance), or 
where air changes are comparatively 
frequent (as in shops, the loggias of road- 
houses or in open air schools). They are 
not suitable for continuous warming 
indoors, because high temperature radia- 
tion from overhead can be distinctly 
unpleasant if prolonged. 

-R. A. Baynton, 

A.MJ.E.E. See Heating 
(4) ; Radiator, Electric. 

PANEL HEATIr 

(GAS). Low temperature 
panels, heated by hot 
water from gas - fired 
boilers have been in use 
for some years, and at the 
other extreme there have 
been high temperature 
panels, radiating heat 
from a visible red-hot 
source. To-day there is 
available an effective 
compromise between these 



PANEL HEATER: Gas. 
Fig. 1. High temperature 
overhead radiant panel«heater. 
Gas Is ignited by pilot jet 
after passing control cock and 
throttle. Products of com- 
bustion ascend as shown by 
arrows, escaping from outlets. 
A. Detail of cast-iron stirrup 
piece containing control cock. 



Fig. 2 High tempeAture radiant panel- 
heater, wall pattern. Gas Is ignited by 
pilot after^iasslng Iniet and switch cocks, 

S 3vernor, aifll press’d re control* screw, 
roducte of combustion escape as shown 
by arrows. 


iwo types — ^ui tiic 
form of the high 
temperature black 
radiant panel 
heaters. 

These heaters are 
available in three 
forms, designed*to 
serve various seti 
of conditions, am 
they may be fixed 
to the wall or ceil- 
ing. Each heater 
has an external 
radiating surface 
at about 650® F., 
the radiant effici- 
encies varying 
from 40 per cent, 
to 48 per cent. 

1. (a) Rectangu- 
lar panel, wall fix- 
ing, giving a for- 
ward distribution 
of heat. 

(6) Rectangular 
gaoage panel, wall 
fixing, giving a forward distribution of heat. 

2. Overhead bowl, ceiling fixing, giving a 
uniform heat distribution. 

3. Overhead wedge, ceiling fixing, giving a 
non -symmetrical distribution. 

The most used model is probably the 
wall fixing rectangular panel ; this com- 
prises an outer casing of sheet metal 
which can be fixed by brackets to the 
wall. Set into this casing is a thick 
refractory brick of low heat conductivity, 
while positioned at the base of the brick 
is a luminous burner made up of a number 
of Bray jets. In front of the burner and 
the brick is a vitreous enamelled iron 
plate held by a chromium-plated frame. 

The products of com- 
bustion pass between the 
brick and the inside of 
the front plate, but the 
space is tapered so that 
the maximum heat is 
transmitted to and re- 
radiated from the front. 

A governor controls the 
gas* rate and standard 
models' have a wire cable 
remote switch control. 
The gas rate of all units 
is 25 cu. ft. per hour, 
500 c.v. gas.— 7. Murray 
Grammer, A .MJnsLGasE. 
See Gas Fires. 
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^^NEL heating. See Radiant (shown here) has access cover inside. 

Heating. Panel Heaters are described These gullies have a very deep trap, 

in the preceding article. which assists in intercepting oil and petrol, 

r /-/ Wnnjfon They are made in various sizes. The 

Tipper - . , , . bucket is filled with coke, which traps . Jhe 

1 ^ ^ m edium oil, etc. and ts afterwards burnt#©/ rc- 

fi r-e’^ofVhlh" moved as trade reftise. Another function 

E S-O^of chamber is to hold back 

E E ern x Srit or similar matter 

1^^. — , — r^-T — -I , ' Et fluent, removed from the underside of 

FaJsp^ Floor ‘ ^ ...... ^^he cars in washing them. See 

' Garage Drains. 

<> - 5 to ^ PETROL PIPES. Petrol. 

Scale feet Doa account of its volatility and 

PERCOLATING FILTER. Filter for “ bacterial '* purification of high degree of inflammability, 
liquid sewage. Sewage percolates through porous layers to under* nprhanQ fhi» TnnQf trniihlp- 
drains and is purified In the process. pcmaps me mOSt irOUDie 

some of all liquids for which* 
PERCOLATING FILTER. A filter pipes are employed. The special require- 

or bed constructed of layers of hard ments in the way of jointing, etc. are 


Effluent 


Scum BoartL 


porous material such as clinker, over the 
surface of which liquid sewage, from which 
the large solids have been removed, is 
fed intermittently and distributed as 
evenly as possible. In percolating through 
the filter the liquid is purified by the 
oxidation of the putrescible sewage matlfcr 
to stable compounds, through the agency 
of bacteria which live in a jelly-like film 
formed round the pieces of filtering 
material. The purified liquid flows out 
of underdrains laid beneath the filtering 
material. The term “ percolating ’* dis- 
tinguishes this type from the Contact Filter 
[which see). [See also Sewage Treatment.) 

PETROL I NTERCEPTOR. Inter- 


I 


cepting chamber installed in a gara"* 
drainage system to prevent petrol anc 
oil from reaching the local sewer. For a 
large garage a chamber of the type shown 
in Fig^ 2 , page 456 (under heading Garage 

Drams) would 
built. In 

!| ^ smaller 

\l. f stablishment 

^ where, for ex- 

i-LO™ 1 ample, one or 

two cars only 
r • I are garaged, 

j interception of 

PETROL INTERCEPTOR.'^ i 

Garage gully, “ H.M.o.w.” grease Can ,be 

provided for 

re^JU.§“«p**‘'M‘.de ‘a4"‘or*3o" by thcinstalla- 

deep with 4' outlet ; and 30" tlOn of a deep- 

'‘ 7 uX:u^ seal guUy with 

a perforated 
bucket (see Fig. i, page 456). . This last 
hM access cover at top. Another pattern 


I H 180 ^ 


explained in the article Pipes and Pipe 
Jointing (4), Section A. 

PEWTER. An 'alloy composed of a 
basic part of tin with varying small 
quantities of lead, antimony, copper, and 
sometimes zinc, according to the type of 
alloy and its purpose. Pewter is a soft 
and ductile metal, silvery grey in colour. 
It is n^ed in the form of sheet in the 
lining of sinks and counter tops, or may be 
cast into utensils or ornaments. 

The composition of different qualities 
of pewter, in percentages, is as follows : 


Tin 

Antimony 

Copper 

Zinc Lead 

91*5 

6 

1 

— 1*5 

88 

8 

2 

— 2 

85*5 

7 

2*5 

3*5 2-5 


Pewter melts at a temperature of about 
400° F., but if bismuth is added the 
melting point is lowered. Increase of 
copper and antimony hardens the metal. 


Solders for Pewter. The most used 
compositions are : 


rtlrts 

Tin 

• 

I^ad 

Bismuth 

Melting Point 
In deg. F. 

I 


I 

280 

3 

I 

— 

330 

2 • 

— 

I 

340 

I 

2 

I 

380 


The fluxes used in soldering pewter are 
chiefly Gallipoli oil, tallow, resin and 
zinc chloride. On account of its low 
melting point the metal must be dealt 
with carefully and overheating prevented. 
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PHASE. This term means a stage or 
aspect of a'qrde. An event that takes 
place at regular intervals is said to be 
“ periodic " or " cyclic." Thus, Christmas 
falling on the 25th December each 
year, and the passing of a'crank through 
top dead centre in dadi revolution are 
examples of periodic happenings. When 
a series of events repeats itself at regular 
intervals the events are said to be obe3mg 
or following a periodic law or function. 
The interval that elapses between thS 
repetition of exactly similar events is 
called a cycle ; thus, the length of the 
cycle in the first example is one year. 



reststmcm) 

< rrmnr _ ^ 




Current ^y90^ 

pure capacity. 

2 


^age 

(^rrent fagging eoitage 
^SO ^f'purm inoueranemj 


PHASE. In each cycle of A.C. current, if zero value* 
of current and voltage are reached •Imultaneously 
they are In phaee (1). If not, they are out of phase 
by so many degrees; current either leading voitage 
(2) or lagging behind (3). Power transmitted is at 
maximum when current and voltage are Iq phase. 


In the second it is one revolution, and its 
duration may be expressed in seconds. 
This time divided into one gives the 
number of revolutions or cycles per second. 

If two or more series of events are 
happening simultaneously and similar 
events in the different series happen at 
exactly the same time, the series are said 
to be ‘‘ in phase ** ; alternatively, if 
they do not happen at the same time the 
series are said to be ‘^ut of phase." 

The difference in phase may be expressed 
as a time interval, but in elictric^ and 
mechanical engineering it is more usual 
to give it as an angle. For instance, 
imagine two cranks on the same -shaft, 
one at right angles to the other. In*making 
a complete revolution, each crank will 
pass through 360 deg., but one crank wiU 
pass throufifh a given point in the cycle ^ 
(say top dead centre) a quarter of a 
revolution (or 90 deg.) after the.* other, 
and is said to be 90 deg. out of phase 


with the other. The crank that passes 
through a given position after the. other 
is said to " lag " behind the first ; 
conversely the &st crank is said to 
" lead " the other. 

Alternating Current. An alternating 
current obeys a periodic law. Starting 
from zero it gradually increases to a 
maximum in one direction, and gradually 
declines to zero ; then ili flows in the 
opposite direction along the conductor, 
gradually increasing to a maximum and 
finally falling away to zero again. This 
cycle of events is repeated as long as 
current continues to flow. If a graph 
is drawn showing the value of the current 
at any time plotted vertically against a 
time base, with current flowing* in one 
direction along the conductor shown above 
the line, and current in the opposite 
direction below the line, a similar curve 
is obtained, which indicates the length of 
the cycle. For a 50-cycle supply this is 
i/50th second ; it is also electrical 
degrees. Alternating voltage behaves in 
tfle same way, and may be similarly 
represented. 

In Fig. 2 it wiU be seen that the voltage 
curve is passing through zero when the 
current is at a positive maximum ; the 
phase difference is 90 electrical degrees. 
It could, of course, have any other value, 
depending on circumstances. 

In that second example the current 
wave reaches a maximum before the 
voltage wave, and consequently leads it. 
If an alternating voltage is applied to a 
pure resistance (e.g. an electric fire), cur- 
rent keeps in phase with voltage, passing 
through a maximum at the same tjme as 
the voltage and so on (Fig. i). But if it 
is applied to an inductance (Fig. 3) e,g, 
a choke coil, the current lags behind the 
voltage (by 90 deg. for a pure inductance) ; 
on the other hand, if it is applied to a 
circuit containing capacity (a bank of 
condensers, or Ughtly loaded cable) the 
current leads the voltage (Fig. 2).* 

For three-phase supply the generating 
machinery is s(f designed that the voltage 
in^ach supply cable Is exactly 120 deg. out 
of phase with the voitage in the others. 

When ‘current is out of phase with the 
voltage, less work is obtained from a 
given current and voltage than if they 
dxe in phase ; expressed in another way, 
fdt a given amount of work a larger 
current is required. In the same way 


736 





PIPE : (I) LEAD 


it requires a greater force to drag some- 
thing along when the pull is at an angle 
than when the pull is straight. Larger 
currents call for larger supply cables, 
and that is v4iy most supply authorities 
encourage their consumers to keep their 
current in phase with the supply voltage, 
by offering preferential ratespor tariffs for so 
doing. — Jt. A. Baynton, B,Sc,, A,M.LE.E. 

See Electrici^. 

PILLAR TAr. A tap iiaviiig a tubular 
vertical inlet in the form of a pillar. These 
taps are made on the screw-down principle 
for ordinary use, and with a cam action 
for use in schools, institutions, etc. The 
object of the latter type is to avoid waste 
of water, as the tap is self-closing and is 
adjusted Jto suit the pressure of the water 
at the points where it is to be fitted. 


The screw-down type is fitted with 
capstan heads and operated in the same 
manner as an ordinary bib tap. Both 
types are fitted with unions for connecthig 
to lead ,or coj^per pipes ; connexion may 
be made to iron by means of the thijeaded 
tail piece. The latter vary in length 
according to the thickness of the fitting 
through which they are to pass. The 
discharging nozzles of pillar taps also vary 
in length to suit the distance from the 
of>ening in the fitting to the edge of the 
bowl, basin, sink or bath, as the case 
may be. 

Like other water fittings the taps must 
conform to the standard laid down as 
regards the material, valve, test pressure, . 
etc. See Metropolitan Water Board ; 
also the main article : Taps. 


PIPE & PIPE FITTINGS: (1) LEAD PIPES 

By E J. F. Tillicr. A.R.San.1.. EP. 

This article briefly describes the process of making lead pipes, traps and bends. 
Tables of standard sizes and weights from appropriate B.S.S. and of other common 
sizes and weights are given. The sections are : A, Early methods of manufacture ; 

B, Modern methods of manufacture and merchantlng ; C, Traps, bends, etc. ; 

D, Joints and ]ointing. See Lead ; joints ; Pipework. 

PIPE AND PIPE FITTINGS : (2) Brass and Copper llibes 
By A. L. McMullen. 

PIPE AND PIPE FITTINGS : (3) Jointing of Brass and Copper Tubes 
By A. C. Martin. 

PIPE AND PIPE FITTINGS : (4) For Gas 
By J. W. Cowan. 

PIPE AND PIPE FITTINGS : (5) For Petrol, Oil and Compressed Air 
By J. W. Cowan. 

PIPE AND PIPE FITTINGS : (6) Iron and Steel Pipes for Hot Water and Steam 
By L. C. C. Kayner. 

PIPE BENDING 

By Percy Manser. 

Associated articles of Importance which follow certain smaller articles In 
alphabetical order are : 

flPE-SIZING : (1) For Hot and Cold Water Supply Services 
By W. t Fretwell. 

PIPE-SIZING : (2) For Gas 
By J. W. Cowan. 

PIPEWORK : (1) Water Pipes in Lead 
By E. J. F. Tillier. 

PIPEWORK : (2) Iron, Steel and Copper Tube* 

By J. W. Cowan. ^ 

Other articles which must be consulted are those in the Heating and Hot Water 

Supply groups ; Rainwater Pipes ; Soil and Waste Pipes. Specialized Information 
• is given also under the headings Factory ;^FIat ; Hospital ; Hotel. 


The use of lead pipes for .^.le conveyance 
of water dates back for many centuriej, 
and discoveries in ’ancient Roman and 
Egyptian cities prove that lead pipe was 
extensively used. Even in Britain, the 
'Romans during the period of occupation 
made abundant use of this metal, and 
examples of their skill are even jijow in 
existence (see the Introduction to Vol. I). 


A. EARLY MANUFACTURE 

The ingenious method employed by 
ancient craftsmen in making these pipes 
consisted of casting a flat sheet of lead 
in a sand mould of sufficient width for 
the required pipe size ; the flat sheet 
was then bent to form the pipe, and the 
two ^dges joined by pouring on molten 
lead previously heated to dull red-heat. 
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The pipe had to be filled 
with sand, and the outside 
entirely covered with sand 
ejft:ept for the edges to be 
joined. The effect of this 
opfera/ion was to melt the 
two edges of the lead, and 
form an “ autogenous " 
joint. A bead of metal was 
generally left along the joint 
or scam, this providing ad- 
ditional strength to what 
was, undoubtedly, the 
weakest part of the pipe. 

Sand or clay was used to 
form a mould during the 
joining process. 

By the i8th century 
many different methods had 
been employed in making 
lead pipe, one of which was 
the use of solder in joining 
the two edges. This proved 
unsatisfactory in many cases, owing to 
fractures resulting from unequal expjmsion 
of the pipe, and due to the introduction of 
a harder and less elastic metal at the seam. 

Towards the end of the century, owing to 
the increased demand for lead pipes, 
machines were rapidly being developed 
with the object of improving on methods 
which were at that time crude and labor- 
ious. It was also realized that the manu- 
facture of pipes without seams would be 
far superior in every respect, and- efforts 
were being made to produce a suitable 
machine for this purpose. It was at the 
beginning of the 19th century that the 
present process of “ pressing or ex- 
trusion " originated. Since that time the 
presses have been improved in many 
ways, but the principles of the operation 
remain the same to-day. 

D. MODERH METHODS OF MANU- 

FACTURE AND MERCHANTING 

c 

The extrusion process was made pos- 
sible by the invention and perfecting of 
the hydraulic press, which enables im- 
mense pressures to be used safely and con- 
veniently, in easily controUed apparatus. 
The principle of the press is exjkained in 
PP- 593 *‘ 4 . under the heading Hydraulics. 

In the machine for extruding lead 
pipes the container for the lead virtually 
forms part of the ram of the press ancf 
moves up with the ram as prciss^re is 
applied beneatli. Since the top member 
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(incorporating the die) is 
stationary, the lead is con- 
strained to pass up between 
the core (see Fig. i) and the 
wall of the die and to take 
a tubular form. 

Molten lead is introduced 
qnto a part of the hydraulic 
press known as the con- 
tafner (see Fig. i), the inlet 
being afterwards sealed. 
While the metal is in a 
semi-molten condition con- 
siderable pressure (50,000 
lb. per sq. in. for small 
diameter pipes, down to 
15,000 lb. per sq. in. for 
those of large diameter) 
is exerted on the ram and 
also on the lead in the 
container. The result is 
that lead is forced out of 
the container (the only out- 
let being the space between the die and 
core) and issues in the form of piping. 
By adjusting the applied pressure on 
the ram, and changing the dies and 
cores, pipes of all sizes and weights can 
be obtained. The ends of the smaller 
diameter pipes, on issuing from the press, 
are taken over rollers and wound on 
drums, forming coils (see Fig. 3, p. 651). 
These are afterwards weighed and stamped. 

Lead pipes of i in. diameter and under 
are usually sold in 60-ft. coils and marked 
with the weight per 15-ft. length (London 
and the South), or per yard (in the North 
of England). Pipes ij to 2 in. diameter 
are marketed in 12-ft. lengths or 36-ft. 
coils, and marked with the weight per 
12-ft. length. • 

The larger sizes of pipe, on issuing from 
the press, are supported at the ends and 
lifted vertically, being subsequently cut 
into lo-ft. or 12-ft. lengths. The weight 
of these large sizes is marked per lo-ft. 
length, or described as equal to sheet lead 
of a certain weight per sq. ft. Obviously, 
although the diameter remains constant 
for a ^ven sije of pipe, the thickness of 
the pipe wall vaijes accor^ng to the 
ptirpose for which the. pipe is* required : 


Diameter 

Use 

Weight 

of pipe 

per yard 

il in. 

Overflow 

7 lb. 

in. 

Water pressure 200 


ft. head 

21 lb. 


yZeaefP/pe 



W^cfrauUc Pressure 


PIPE: LEAD. Fig. 1. Section 
of lead press for pipes, showing 
lead in container. 




PIPE : (I) LEAD 


TABLE I. Lead Supply and Distributing Pipes 


• 

Internal 
Diameter 
in inches 

External 
Diameter 
in inches 

Weight 
per yd. 
in lb. 

(a) For pressures 

1 

■74 

4*5 

not exceeding 

i 

•87 

6*0 

no ft. head of 

1 

i*i() 

9*0 

water. 

I 

*1-44 

12*5 

(48 lb. per sq. 


. 1 - 7 ^ 

1 6*0 

in.) 


1-99 

20*0 

• 

2 

2*53 

28*0 

*(fc) For pressures 

1 

•76 

5*0 

exceeding no 

i 

•92 

7*0 

ft. head of 

.? 

1-23 

1 1*0 

water but not 

1 

I *.54 

r 6*0 

exceeding 250 

It 

1-83 

2 1*0 

ft. head of 


2' 10 

27*0 

water. (108 lb. 
per sq. in.) 

2 

270 

38-0 

(c) For pressures 

1 

■81 

(Vo 

exceeding 250 


1 *02 

O-o 

ft. head of 

i 

1-36 

15*0 

water but not 

1 

I -(.8 

21'0 

exceeding 400 

li 

1*98 

28*0 

ft. head of 

li 

2*29 

3 . 5*0 

water. (1731b. 
per sq. in.) 

2 

2*85 

48-0 


TABLE II. Lead Flushing and Warning Pipes 


Internal 
diameter in 
inches 

Ex Lcrnal 
Diameter in 
inches 

Weiglit in 
lb. ])er 
lineal yard 

i 

*71 

3*0 

i 

'99 

5*0 

I 

1*26 

7*0 

iJ 

1-52 

9*0 

li 

i*8o 

12-0 

2 

2*32 

1 ()*o 


J^rom Ti.S.S. 602 


British Standard Sizes and Weights. 

The use of British Standard weights 
for lea<i pipe is rapidly incrc.asing. 
They are now required by a number of 
important water authorities, including the 
Metropolitan Water Board. They arc 
also referred to in the Model By-Laws 
issued by the Ministry of Health under the 
recent public health legislation. Tables 
I. to III. on this page are taken by per- 
mission from B.S.S. 602. 

Table IV., page 740, es common 
sizes and weights of lead pipe that are in 
general use for various purposes. • 

Sizes and weights of pipe other than 
those shown in Table IV. are made to 
special order. Pipes of 12-in. diameter 
and over are usually made by hand from 
sheet lea b which is bent over a suitable 
former and the seam “ burnt " (see Lead- 
burning). 


This method is also still occasionally 
used to make the smaller diameter pipes — 
where, for instance, short pieces are 
required. 

Gas and Condensation Pipes. « Lead 
pipes (generally refeo-ed to as composition 
pipes) are usi?d extensiv(‘ly in gas fitting 
work, particularly where flexible con- 
nexions are required between iron sup])ly 
pipes jmd various forms of gas consuming 
cipparatus. Owing to the small amount of 
])ressure these pipes have to withstand, 
they are made in practictilly the same 
weights as those used for flushing and 
warning pipes (see Table IL). (ias and 
condensation pipes can be obtained tinned 
or untinned on the outside. Tlie smaller 
sizes are generally tinned. 

Rectangular Pipe. Pijnng of rect- 
angular section is produced by the ex- 
trusion process, as 4)reviously described, 
and the sizes usually manufactured are : 

X 3 r 4 r X -rr 5" x 4' 3" x 3" 

4' X 3' 4' X 4' <>' X 4^ 4' X 2j" 

in i2-ft. and 15-ft. lengths, and weighing 
8 lb. per square foot of lead. Rectangular 
pij>e is sciiiietimes made by plumbers from 
sheet lead, by shaping over a suitable 
former and lead-burning the seam. 

Cast Lead Pipe. Where piping is used 
for decorative purposes, cast lead is 
usually preferred, so as to conform to 
the finish of other ornamental architec- 
tural work, such as rainwater heads, 
(Utters, etc. 

It is usual to cast the Utiu\ flat on a smid 
table (see Cast Sheet Lead) . and afterwards 
to trim to required width. The lead is tJien 
bciiit round either a circular or rectangular 
former —whichever section is recpiircd — 
and the scam burnt. The collars and ears 


TABLE* III. Lead Soil, Waste and Ventilating 
Pipjs • 


Internal 
diameter in 
inches 

External 
diameter in 
inches 

Weight in 
lb. per 
lineal yard 

•t 

1‘46 

7*0 


1*74 

Q-o 

2 • 

2*24 

I2'0 

2l 

2*73 

14-4 

3 

3*23 

I7*T 

3i 

3*74 

20*0 

4 • 

4*24 

22*8 

• 4l 

4*77 

29’ I 

5, 

5*34 

41-0 

•6 ^ 

6’40 

57*0 


B.S.S. O02 


739 


^ \c » 






HFE : ( 1 ) l£AD 


TABLE IV.— Common Sizes and Weights of Lead Pipe 


in/tar- Extar- Weight 
fill nal per yd. 

diem. diem. In lb 

ilij In. 




•19 

*25 

1 

k 

•28 

* 53*3 

4 

•32 

■5 


and in various sizes 



up to : 




*36 

75 



•49 

2*0 


t 

•57 

3 P 


t 

•04 

4*0 



•76 

6-0 

ik 

41 

5 


and in 'various 

sizes 



up to: 



h 

•56 

2*25 

I 

44 

625 


and 

in various 

sizes 



up to . 



[ 

•63 

3*0 



■69 

4*0 


1 

I *08 

12*0 


50 

75 


and in various 

sizes 



up to: 



■60 

2-0 

i 

•58 

1*125 


and in various sizes 



up to : 


■ 

t 

74 

3*5 

■ 

f 

V 

4*0 


f 

•80 

4*5 

■ 

t 

•83 

5*0 


r 

•85 



( 

•97 

8*0 


and in various sizes 



up to : 


i 

1-43 

i8*o 

ft 

•84 

4*5 

f 

•70 

1-25 


and in various 

sizes 



up to: 




•88 

4*5 



•91 

5*0 



• 95 - 

6*6 , 



•99 

7-0 



1*04 

8*0 


Inter Exter- Weight 
nel nel per yd. 

diem diem. In lb. 

In.' In. • 


r 1 I'08 9*0 

and in various sizes 
up to : 

1 1*19 12*0 

i -89 

2*75 

and in various .sizes 

up to: 

• 

f -95 

4*0 

1 **04 

6*0 

1 I *08 

7*0 

1 I*II 

8-0 

i riQ 

10*0 

i 1-26 

12*0 

i i‘ 5 i 

20*0 

i i ‘05 

4*0 

and in various sizes 

up to : 


i t-ss 

20*0 



I 1*15 

3*75 

and in various sizes 

up to : 


1 1-22 

6*0 

I 1*3 

8-0 

1 1*33 

9*0 

I r *37 

10*0 

* *4 c 

11*0 

I 1*43 

12*0 

I 1*48 

14*0 

and in various sizes 

up to:' 


I 1*74 

24*0 

»1 r '40 . 

8*0 

and in various sizes 

up to : 


14 i-6o 

15*0 

li r -44 

6-0 

ij 1*49 

8*0 

1*55 

10*0 

1} 1-58 

11*0 

i| i*6o 

12*0 

ij 1-63 

13*0 

ij 1*66 

14*0 

li 1*68 

15*0 

If 1*72 

8*0 

iJ 1*77 

1 0*0 

H **79 

11*0 


Inter- Exter- Weight 
nel nel per yd 

diem. diem. In lb 

In. In. 


14 

1*86 

14*0 

4 

1*91 

1 6*0 

14 

1*95 

1^*0 

li 

2*02 

21*0 

and in various si^s 


Up to : 


li 

2*25 

33*0 

if 

2 05 

13*0 


2*09 

15*0 

and 

in various sizes 


up to: 


il 

2*37 

300 

2 

2-i8 

9*0 


and in various sizes 
up to : 


2 

2-28 

14*0 

2 

2*30 

180 

2 

2*41 

21*0 

2 

2*46 

24*0 

2 

2*57 

30*0 

2l 

2*49 

13*5 


and in various sizes 
up to : 


2l 

2*92 

40*0 


2*68 

1 1*0 


and in various sizes 
up to : 


2* 

3*23 

48*0 


2*99 

i6'o 

• 


and in various sizes 
up to ^ 


*1 3-44 

50*0 

3 3*15 

II'O 

3 3*24 

18*0 

3 348 

36*0 

3 359 

45*0 

and in various sizes 

up to: 


3 3*93 

75*0 


3 * 3-67 144 

3 f 3’96 4 fo 

3I 4-00 450 

34 4'05 48-0 

and in various sizes 
up to: 

34 4-22 64-0 


Inter Exter Weight 
nal nel per yd. 

diem diem. in lb. 

In. • In. 


4 417 i6-2 

4 4*19 18*0 

4 425 24-0 

4 4*28 27*0 

4 4*3 30-0 

4 c 4*49 48 0 

and in various sizes 
up to : 

4 487 90-0 


4} 4-67 i8'0 

and in various sizes 
up to : 

44 524 84-0 


5 5-19 ■ 22-5 

and in various sizes 
up to : 

5 573 91-0 


54 571 27’o 

and in various sizes 
up to : 

5) 6-24 100*0 


6 6*19 27*0 

and in various sizes 
up to : 

6 6’86 130*0 


H 6*95 70*0 

and in various sizes 
up to : 

6J 7* 10 95*0 


7 ^ , 7-5 . 84 0 

and in various sizes 
up to : 

7 7*82 150*0 


74 814 1150 


8 8*67 130*0 


8J " 9*24 152*0 


9 9*87 180*0 


10 10*89 215*0 


II 11*98 260*0 


12 13*10 320*0 


for this cast pipe are usually made separ- 
ately, and are then “ burnt " on* to the 
length of prepared pipe. * 

Lead Pipe Alloys. By the addition 
of other metals in smaU proportions to 
lead, allo5rs are produced whidh give inc- 
creased strength to pipes made of this 
metal. The two alloys used in the' bikilding 
trade are known as (i) Ternary Alloy; 


(2) Telluriunic Lead. The characteristics 
of these metals are dealt with fully under 
^e heading Lead. 

Tin-Lined Lead Pipe. Pipes are sup- 
plied lined with tinned copi^ or block 
tin and are used where it is considered 
possible that the fluid to be carried may 
have a-detrimental dissolving effect on the 
normal lead pipe. 
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most necessary that the 
thickness of thd lead in the 
finished trap should be 
uniform, the tendency 
being for the lead on the 
dutside of the beifd to 
beconle very thin during 
the bending process. 

Traps Made by Hy- 
draulic Extrusion. The 


C TRAPS, BENDS, ETC. 

The introduction of the pipe trap in 
plumbing work rendered obsolete many 
forms of trap which were insanitary and 
far from self-cleansing in their action. 
Among the various patterns originally de- 
signed, file following arc still used in 
modern practice. They are : “ S/* “ P,** 
“ Q,” “Running'* and “Bag" traps (see 


introduction of ' hydrauli- 
cally extruded traps was a boon to the 
plumbing trade and led to the saving of 
time and expense, as compared .with the 
old methods by means of which a more 
costly but distinctly inferior article was 
produced. 

The machine for producing traps (Fig. 3) 
resembles the pipe press. The die is 
similar, but the mandrel is short and tlie 


Fig. 2). See further under Traps. plunger which forces the lead through the 


As was the case on the introduction of die is made in two. halves. The kiad is 


lead piping, some time elapsed before 
manufacturing methods had developed to 
cuiy great v;xtent in the production of 
traps. Some of the first examples weit 
hand-made from two pieces of sheet lead, 
joined by two soldered seams. For exam- 
ple, one piece of lead of sufficient width 
and length was bent to conform to the 
inside or throat of, say, a P trap, llie 
edges were then worked to assume a semi- 
circular section on a wooden or cast-iron 
block provided for the purpose. The other 
half was bent to the shape of the outside 
of the bend, being worked similarly on thr 
block. After the two halves had been 


placed in a divided container, and if the 
pressure on the two rams is applied (‘cpially 
an ordinary straight length of pipe is pro- 
duced. 

By the operator causing one ram to 
become almost stationary while the other 
moves forward, the pipe at the side at 
which the pressure is least is forced round 
by the more rapidly moving lead on the 
other side. The alternative movement 
and variation of speed of the rams 
enables bends of any degree and radius to 
be obtained. 

The traps shown in Fig. 2 can be ob- 
tained in all intermediate sizx-s from i in. 


fitted and cleaned, the .seam was usually to 4 in. dia., with or without cleaning 
soft-soldered. Traps made in this way did screws and in various weights, that is, the 
not givjj satisfactory service as the seams thickness of the lead forming the trap is 
were not durable. Unless great care was said to be equal to sheet lead of a certain 
taken when joining the two halves it was weight in lb. per square foot. Taking a size 
a common occurrence for the solder to find at random from a catalogue it is found that 


its way, in places, to the inside of the trap. 2-in. traps of 
These projections formed *• v- 

obstructions where sus- *^*""*^*^^^*^m L^ad Prnp 

pended matter could 

collect, gradually to bring ^ 

about a complete stoppage \j^ 

of the pipe. • p I II 

Another method ifted / _ ^ 
in making traps by hand / 
was to bend extruded lead 
pipe with the aid of bob- 

bins, dummies, etc. (see Ram 

Pipe Bonding). This 

operation c^ed for a high Ji,. 3 . "o':: 

degree of skllli as it was talner and “ P •’ trap extrudad. See text. 


the types illustrated above 
arc supplied in weights 
' ranging irom 5 lb. to 12 lb. 

In addition to those 
illustrated in Fig. 2 various 
other traps have been 
introduced, with the 
object of providing a 
self-contained means of 
preventing s i p h o n a g e, 
thereby avoiding the need 
to provide an anti-siphon- 
age, or ventilation pipe 
■ (see Anti-Siphon Pipie, 

; where these traps are 
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PIPE : LEAD. Figs. 4 and 5. Patent traps in 
lead incorporating means of an: i-siphonage ; (two 
top) Greenwood’s ” Grevak ” tr.ips ; (two bottom) 
resealing type traps (for further description, see 
text below). 



Figs. 6 and 7. Ready-made bends ; (6) eldgl^bend ; 
(7) offset bend. Fig. 8. Pipe Jointed in sand mould, 
method used by ancient craftsmen. (See text.) 


In addition, offsets (Fig. 7) are stocked, 
made of 3J and 4-in. dia. pipe in .several 
projection lengths. 

D. JOINTS AND JOINTING 

For detailed information about the 
making of joints of all types to lead 
pipes, the reader should consult the first 
article of the Joints group, beginning in 
p. 618. t 

Jointing. With the introduction of 
lead piping many methods were tried with 
the object of developing a simple arid 
efficient technique whereby lengths of 
this pipe could be joined. Many examples 
of the way the ancient craftsman made 
these joints are in existence, and it will 
be of interest to give a brief outline of the 
operation. After the pipes wdre made, 
the ends were trimmed evenly and wen^ 
brought together ; a sand mould was 
made of sufficient dimensions to allow 
for a generous amount of lead to surround 
the joints. (See Fig. 8.) A core of sand was 
packed into the pipes. Hot lead was then 

S oured into the mould to melt the ends of 
le pipe, enabling the added metal to 
adhere. This formed a 
burnt joint and was 
successful where the 
pipes were of uniform 
thickness and the 
molten lead was of the 
correct temperature on 
pouring into the pre- 
pared mould. 

The method which 
followed this crude 
process of burning 
is similar to present- 
day practice, and 
consists of applying to 
the joint a mixture of tin and lead as a 
jointing medium. This alloy, in addition 
to having a melting point considerably 
lower than that of lead, possesses the 
advantage that a fair period elapses before 
the molten metal solidifies, giving time 
in which roughly to shape the plastic 
metal into the desired form. After the 
metal had solfdified, the joint was finished 
by lightly smoothing with a 'hot plumb- 
ing iron ” (Fig. 10) ; this tool was drawn 
lengthwise over the joint to give it a 
finished appearance and was supposed to 
prevent the joint from being porous. 

The method now in use (wiping a 
soldered joint) is similar except that more 
skin is evident on the part of the crafts- 


discussed). The traps are produced by 
the hydraulic process, the additional pipes 
and chambers being subsequently “burnt** 
on in the required position. Figs. 4 and 5 
illustrate two popular types of patent 
trap, these being obtainable with inlets 
and outlets arranged in various lengths 
and angles to order. The types shown in 
Fig. 4 are obtainable 
in sizes from i in. to 
3 in. dia., and made in 
a variety of weights 
(e.g., a ij-in. P trap 
is made in 5, 6, 7, or 
8 lb. weight). The re- 
sealing traps in Fig. 5 
can also be obtained in 
various sizes, lengths, 
etc., from i in. to 2 in. 
dia. ; and these sizes 
are made in lead of 
6 or 7 lb. weight. See 
also Trap. 

Lead Bends. A large variety of ready- 
made bends is obtainable from lead 
merchants, the sizes ranging from ij in. 
to 6 in. dia. {see Fig. 6). They are supplied 
in any required weight, length or angle. 



Fig. 9. Completed Joint made with tin and lead 
alloy and smoothed with the plumbing iron of Fig. 
10. Fig. 11. Tylor’s patent ** Grooved Joint for 
connecting two lead pipes of equal sizes without 
of solder. 
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man ; he is able to complete a joint before 
the metal has solidified, and normally re- 
quires no additional form of heat unless 
the joint is in a very awkward position. 

Many forifis of mechanical joint or 
coupling have been introduced from time to 
time, but none seems able to supersede the 
wiped joint ; and although the last named 
is very difficult for anyone other than a 
skilled craftsman to make, the method is 
reliable and lasting. See unde^ Joint. 

* Lead- Burning. Increasingly employed 
as an alternative method to the wiped 
joint in lead soil, waste and service work, 
for methods employed see Lead -Burning. 


Special Joints. The ** Staem joint is 
illustrated in p. 628. It* is applicable to 
lead piping of equal diameter or to tail- 
pieces, unions, or caps and linings for 
connecting to smitary and water fittings. 

Tyler's pateiTt Grooved " joinl* (Fig. 
ii) depends upon the compression of the 
lead pipe between a brass union and a 
grooved or stepped fitting in the bore. 

Other manipulative joints su^ch as the 
“ Gripross" and the “ Securex " solderless 
compression joints have been designed for 
economy in jointing lead to lead and lead 
to iron for water, gas and wajjte pipes. 
They are, in effect, compression joints. 


PIPE and pipe FITTINGS: (2) BRASS AND COPPER TUBES 

By A. L. McMullen, M.A., A.R.I.B.A., and E. Carr. Ph.D., B.Sc., M.I.P. 

Architectural Adviser and Building Engineer respectively. The Copper Development Association 

Here details are given of the various kinds of tube and the fittings used with 
them. Fuller information on the practical aspect of joints and j6inting is given 
in the next article of this Group. The sections are as foliows : A, Heavy Gauge 
Tubes ; B. Light Gauge Tubes ; C, Brass Tubes. 


One of the great advances in humali 
development was the replacement of 
stone by metals. That began with the 
discovery of copper. Archaeologists dis- 
pute the dating, but it seen.s probable 
that copper was known in Asia some 6,500 
years ago, and tliat it was brought to 
Egypt about 4,200 b.c. When the alloy 
with tin was discovered — between 3,000 
and 2,000 B.c. — the Bionzc Age of 
civilization opened. 

Copper tubes for conveying domestic 
water services were certainly used by the 
ancient Egyptians. The first copper tub'' 
w'as foianed from a piece of beaten sheet 
copper folded around a mandrel, and the 
seam covered with gypsum, as used in the 
temple of King Sa-hu-Re at Abusir about 
2,750 B.C. Many of the baths used by the 
Romans had water piped to them from 
pipes of copper similarly formed. Earlier, 
copper and bronze were in limited use 
in - the Early Minoan civilization about 
3000 B.c. In the 1st Dyne "y of Ur in 
ancient Mesopotamia, about 3,100 B.c., 
copper was f’ashioncd m temple objects ©f 
excellent craftsmanship. 

The manufacture of copper into secain- 
less tubes involves three main processes : 
the first stage is the casting of a cylindrical 
billet in /ast-iron or water cooled copper 
mould ; next the billet at red heat is con- 
verted into a long, hollow shell in an 


extrusion press or rotary piercing macliine; 
the third stage consists of drawing down 
the shell while cold through hard metal 
dies by*means of successive pas.ses on a 
draw-bench until the desired diameter and 
wall thickness arc obtained. Seamless 
drawn tubes with a diameter as large as 
24 in. can thus be produced. Tubes of 
the sizes commonly used in building work 
arc manufactured accurately with small 
= oleranccs. This accuracy is particularly 

ecessary when tl'.e tulxis are to be jointed 
with fittings manufactured to suit the 
particular diameter and thickness of tube. 

A. HEAVY GAUGE COPPER TUBES 

Although light gauge tubes suitable for 
jointing by means of compression, capil- 
lary or welded joints are now uni\ersally 
employed for domestic hot and cold 
water and heating !ier\^ces, heavy gauge 
tubes, sufficiently thick to take a screw 
thrend, arc sometimes used in heating 
wo/., 'particularly for steam services or 
for jupes in which the hydraulic pressure 
is high. The dimensions of these tubes 
are laid •down in B.S. 61, Part i, 1947 
(see Tables IV and V, page 745). 

Jointing of Heavy Gauge Tubes. 

i/opper tilbes to B.S. 61, Part i, 1947, are 
jointed with cast copper alloy threaded 
fittings.* See B.S. 99:22. The desired 
composition of these fittings is specified, 
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Table I — British Standmrd Light CaugB Coppsr Tubas 
for Wotor and Gas (il.&'.6s9 : >944) 

da 


Nominal 

Size 

Standard 

Outside 

Diameter 

Actual 

Bore 

Thiel 

cness 

Weight 

per 

Foot 

In. 

In. 

In. 

s.w.ai 

In. « 

lb. 

•* . 

0-205 

0-X49 

22 

0-028 

0-06 


0-346 

0-274 

20 

0-036 

0 -Z 35 

f 

0-471 

0*399 

9 20 

0-036 

0-19 

} 

0-596 

0-516 

19 

0-040 

0-27 

f 

0-846 

0-766 

19 

0040 

0-39 

z 

Z-ZZ2 

2-Oz6 

z8 

0-048 

0-62 


Z-362 

1-266 

z8 

0-P48 

0-76 


Z-6Z2- 

1-516 

zB 

0-048 

0-91 

2 

2-128 

2-016 

17 

0-056 

1-40 


2-628 

2-516 

17 

0-056 

1-74 


3*44 

3-016 

16 

0-064 

2-3« • 


3-660 

3-516 

15 

0-072 

3-12 

4 

4-184 

4-024 

*4 . 

0-080 

3.97 


Note . — Tolerjiuces are : plus o ; minus 0 503 in. for | in. 
lo 2 in. tubes and o-ooC for 2^ in. to 4 in. tubes. 


Table II - Light Gauge Coppsr Tubes for Sanitation 

Purposes {Itrilish Sland.ird 659 . 1944) 


Jomi 11.-1 1 
Size 

Standard 

Outside 

Diameter 

Actual 

Bore 

Thiel 

cness 

Weight 

per 

Foot 

In. 

In. 

In. 

S.W.G. 

In. 

lb. 

i| 

z-612 

1 - 5*6 

z8 

0-048 

O-QZ 

2 

2-128 

2-032 

z8 

0-048 

1 - 2 Z 

2 k 

2-62H 

2-532 

. 18 

0-04H 

1-50 

3 

3 *44 

3-032 

17 

0-056 

2-09 


3-660 

3-548 

17 

0-056 

2-44 

4 

4.184 

4056 

16 

0-064 

3*9 


Note . — Tolerances are : plus o and minus 0-003 

in. and 2 in. and o-uo6 in. for 2| in. to 4 in. tubes. 


and the threads for the high pressure tubes 
are identical with those for iron and steel 
tubes. For jointing methods see Flpes : (3). 

B. LIGHT GAUGE COPPER TUBES 

The present widespread use of light 
gauge copper tubes for hot and cold 
water services, heating and sanitation, 
etc., has come abcnit as a result of the 
development of jointing methods, which 
do not require the cutting of a thread on 
the pipe wall. For all normal building 
conditions, the tube walls, whilst thinner 
than those laid down in B.S. 61, are more 
than sufficiently strong to resist damage, 
or corrosion. For instance, the bursting 
pressure of a |-in. copper tube to B.S. 659: 
1944 is approximately 4,000 lb. per sq. in. 
These lighter tubes have formed the 
subject of a BriKsh Standard, No. 
659:1944. Table i gives the gauges of 
those used for water and gas f orviqes, and 
Table 2 those for use for sanitation ser- 
vices. The specification requires the tube 
to be of de-oxidized arsenical copper and 
in half hard temper. The fact that they 
are de-oxidized makes them suitable for 
jointing by copper or bronze welding. 

Pipes for Underground Use. Until 
recently, copper was not used to any large 
extent for underground services, hviti. fol- 
lowing upon extensive research and field 


trials, it has been proved conclusively that 
copper offers a greater resistance, to soil 
corrosion, by almost all types of soil, than 
does any other pipe metal. Pipes of any 
metal, passing through earth which is 
especially corrosive, should be protected. 
Either lay the pipe in a wooden trough 
and fill with bitumen, or surround it with 
sand or chalk, which will have the effect 
of neutralising the acidity Jn the soil. 

A British Standard No. 1386:1947, 
shown in Table III, gives the sizes of 
copper tubes for use on underground 
mains. They are adequate" to resist all 
normal shocks or crushing loads, and cases 
of failure of buried copper pipes from flat- 
tening or crushing are virtually unknown. 


Table 111 — Britith Standard Sizai of CoVpar Tubal 
to bo Buriod Undorground (B.S. No. Z3H6 : 1947) 


Nominal 

Size 

Standard 

Outside 

Diameter 

Actual 

Bore 

Thickness 

Weight 
per . 
Foot 

In. 

In. 

In. 

S.W.G. 

In. 

lb. 

k 

0-596 

0-500 

xB 

0-048 

0-319 

i 

0-846 

0-734 

*7 

0-056 

0-536 

I 

I-XI 2 

0-984 

16 

0-064 

0-812 


1-362 

1-234 

16 

0-064 

x-ou6 

« 

1-612 

x-468 

*5 

0-072 

1-342 

2 

2-128 

1-968 

*4 

0-080 

1-983 

2 k 

2-628 

2-444 

13 

0-092 

2-824 

3 

3-144 

2-936 

12 

0*104 

3-826 

3 i 

3-660 

3-428 

ZZ 

0-116 

4-975 

4 

4 -X 84 

3 - 9*8 

10 

0-1 2H 

6-282 


Note . — Tolerances on mean thickness are plus or minus : 
0'004 in. lor i in. to i| in. tubes ; 0 006 in. for 2 in. to 4 in. 
tubes. 


The outside diameters of copper tubes 
to this Specification are the same for size 
as those laid down in B.S. 659:1944. This 
ensures that the same fittings may be 
used with either pipe. 

Copper tubes to B.S. 1386:1947 can be 
obtained in half hard temper in random 
lengths up to 20 ft., or in dead soft temper 
in coils up to 60 ft. The advaibtage of 
using the coiled long length tube is, of 
course, that it cuts down the number of 
joints for a given length of pipe. 

Jointing Fittings for Light Gauge 
Copper Tubes. The two most com- 
monly used methods for jointing light 
gauge copper tubes, especially., for the 
smcdler sizes of tube, that is up to 2^ in. 
diameter, are^by means of compression 
and capillary fittings. These are covered 
by B.S. 864:1945. 

Compression Fittings. Joints made with 
compression fittings may be defined as 
mechanical joints made without resort to 
threading the pipes, or to soldering, weld- 
ing or brazing ; they are made water- or 
gas-tight by the tightening of a nut or nuts 
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Tables IV and V — Copper Tubes for Pressures up to lyid Including 300 lb. per sq. in. (/?.S. 6i ; 1947) 



Table IV- 

175 lb 

-Pressures up to 
per sq. in. 

Ta 

BLE V — Pressures over 175 lb. 
to 300 ll>. per sq.*in. 

and up 

Nom. 

Size 

(Bore) 

In. 

Outs 

diaiii 

ude 

iter 

Thick 

1 . 

Me.'in 

Weight per 
linear ft. 

Nom. 

Size 

(Bore) 

In. 

Out 

^iatn 

ode 
eter ^ 

Thick 

ness 

Mean • 
Weight per 
line.'ir ft. 

Max. 

In. 

Min. 

In. 

s.w.c;* 

In. 

lb. 

Ma.K. 

In. 

Min. 

111. 

S.W.G. 

In. 

• 

lb. 

i 

0-653 

0*647 

13 

0*092 

0*621 

h 

0*840 

0-8 34 

1 1 

o*ri6 

1*012 

i 

0*906 

0*898 

13 • 

0*092 

0*902 

i 

1*058 

1*050 

10 

■0*128 

1-434 

I 

1*172 

1^64 

12 

0*104 

1*339 

I 

1-328 

1*320 

9 

0*144 

2*056 

It 

1*422 

1*414 

12 

0*104 

1-654 

It 

I *669 

1*661 

8 

0*160 

' 2*914 

. 

1*672 

1*664 

12 

0*10^ 

I *968 


1*901 

1*893 

7 

0*176 

3 - 6()5 

2 

2*199 

2*189 

10 

0*128 

3*200 

2 

2*368 

2 - 35 « 

6 

0*192 

5-043 


2*699 

2*689 

9 

0*144 

4-443 

2t 

2 *98 1 

2*971 

5 

0*212 

7*092 

3 

3.223 

3-213 

9 

0*144 

5-356 

3 

3*481 1 

3-471 

4 

0*232 

9*107 

3i 

3750 

3738 

8 

0*160 

6*930 

3l 

3-973 

3*961 

3 

0*252 

11*328 

4 

4*274 

4*262 

7 

0*176 

8*714 

4 

4*473 

4*461 

2 

0*27(1 

13*996 


(see Compression Joint). Broadly, com- 
pression fittings arc of two main types : 

(a) Those which require the ends of the tube 
to be enlarged, cupped, hared or hanged with 
special tools, and in Avhich the joint is made by 
compressing the hared or hanged ends against 
the turned faces of the body of the htting or of a 
loose thimble. 

(’/• Fittings requiring no preparation of the 
tube ends other than cutting them oh scjuarg 
with a hack-saw. In these cases the fluid- 
tight joint is made by a ring or sleeve, or part 
of the htting, which is caused to grip the outside 
of the tube wall. 

Compression fittings of both types are 
available for tubes up to 6 in. in diameter. 
For tubes over 2 in., however, fittings be- 
come increasingly heavy, bulky and -ex- 
pensive and accordingly jointing by 
bronze-welding is now often employed for 
the larger sizes of pipes such is soil and 
ventilating pipes. 



Fig. 1. Light 


PIPE : BRASS AND COPPER. Fig. 1 . Light gauge copper 

and ventilating -- - ranges of w.c.'8 in a we-i . 

rnstallation. The copper pipes are Jointed by bronze- welding. 
Gordon Jeevet, Ji'.RJ.B.A., ArthUeet: J, 3tlnt4>n Jonet f Partnero^ 
Consulting Engineers (Courtesy Copper Jfevelopment Assn.) 


Soft-solder Capillary Fittings. Capillary 
fittings consist of a copper or brass 
jointing piece with sockets into which the 
tube ends fit closely. The making of the 
joints is described in pages 753-754. 

Capillary fittings are small in bulk and 
neat in appearance, and although obtain- 
able in sizes up to 4 in. in Great Britain, 
are used generally for the smaller sizes 
of tubes. They arc readily obtainable for 
all standard tube diameters up to 2J in. 
and for tSae usual gauges. 'I'hey are used 
extensively for hot and cold water supply 
pipes, heating pipes, gas pipes and the 
smaller sizes of sanitation pipes. In 
America they have been developed in the 
larger sizes for soil pipes. 

The chief difference in the various types 
'f fittings on the market lies in the way in 
xhich the solder is fed into the capillary 
space which is either (a) from the 
mouth of the sockets ; (b) through 
touch holes in the .sockets ; or 
(c) from pre-formed rings of solder 
already within the sockets. 

Typical compositions of soft 
.solders used with capillary fittings 
are 50 per ccn^. tin, 50 per cent, 
lead (melting range 185° C. to 
215° C.) ; 39 per cent, tin, 60 
.per cent, lead, i per cent, anti- 
mony (melting range 185° C. to 
230® C.) ; 95 per cent, tin, 5 per 
cent, antimony (melting range 
^35° C. to 240° C.). 

The process of jointing by soft- 
solder capillary fittings is fully de- 
scribed and illustrated in the next 
article of this Group. See pages 
V 53 - 754 - 
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Capillary fittings can, ol 
course, be brazed to the copper 
pipes with* a 'hard solder if 
ej^ceptional strength and re- 
liability are required. If the 
fittings are of brass, a 'silver 
soldef rather than a * brass 
brazing spelter should be used 
as it obviates the risk of damage 
to the fitting by overheating. 

Weldable ' Fittings. Mention 
should be made of the cast 
copper fittings sometimes eni- 
ployed when bronze-welding is 
used for. the jointing of copper 
pipes. These fittings consist of 
a cast copper sleeve huving 
sockets with shoulders against 
which the tube ends abut, as 
in the soft solder capillary 
fittings. At the mouth of each 
socket is an annular recess in 
which the filler metal is deposited 
and built up to form a collar. 

The fittings can be obtained in 
the larger sizes for soil pipes, 
and simplify the preparation of 
the joints, but require two or three welds 
in the place of one. For branch joints in 
copper soil pipes the labour of working 
out a socket from the main pipe is saved. 




Fig. 4. Soil and vent pipes In light gauge^pper tube. 
Copper Development deeoetaUon, 


PIPE ; BRASS AND COPPER. Fig. 3. Copper tubes and 
fittings to hotel lavatory basin. Note stop-valves on hot and cold 
supplies. Compression joints are used. 

Topper Development Aeaociation. 

The fittings for branch joints are properly 
swept. 

Jointing Methods. For jointing 
methods see the next article in the present 
Group, beginning in page 747. 

See also under Welding : (2) Bronze- 
Welding. 

C. BRASS TUBES 

Brass tubes are not often used in 
Great Britain for '‘plumbing” work. 
They are sometime^ employed for 
making the traps for lavatory basins 
and baths, and also for hot towel rails. 
In America, on the other hand, “a large 
amount of brass tube is used for water 
services. 

The composition of the brass for 
this particular purpose is usually 85 
per cent, copper, 15 per cent. zinc. 
This alloy is said to be superior to 
copper in its resistance to corrosion 
by salt water and is used, for instance, 
for the pipps in salt water baths. In 
America brass, tubes are often of 
heavy gauge and are jointed with 
tapped fittings similar to those used 
for heavy gauge copper tubes in Great 
Britain ; but they may. of course, be 
jointed by means of compre.ssion or 
capillary fittings in the same way as 
copper tubes. 
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PIPE AND PIPE FITTINGS : (3) JOINTING OF BRASS 
AND COPPER TUBES 

By A. C. Martin, M.R.San.l., R.P. 

lecturer in Hygiene, Sanitation and Ptumbing at the Not them Polytechnic 

• • 

This article deals with the jointing of ail types, including heavy gauge and light gauge 
tube. The Sections are : A, Screwed and Flanged Joints.; B, Wipved Joints ; C, 

Brazed and Silver-soldered Joints ; D. Welded and Bronze-welded ; E. Capillary 
Soft-soldered Joints ; F. Compression Joints ; G. Special Joints for Sanitary Work. 
Reference should ^e made to the article on One-pipe System for details of 
jointing methods used in that connexion. 


The method of jointing: coppci tubes 
has in the past few years undergone a 
complete revolution. This is not because 
the means cmplo 3 Td in the [)ast were 
unsound, but is due to the fact that with 
new moaus of jointing (i.e. other than the 
screw and threaded socket joint) lighter 



PIPE : JOINTING BRASS AND COPPER. FIr. 1. 
Detail of flanRc joint for thick-walled copper tubes, 
showing bolts outside and threads inside.* 


adoption of co^^per tubes very expensive 
and limited the use of the nitdal to high- 
class work and to cases where it was 
imperative to use copptT for reasons of its 
resistance to corrosion and erosion. 

Concurrently with the wider use of 
thin-walled co|)per tubes many otluT 
means of jointing have been evolved, 
avoiding the use of .screwed joints. Brazed 
and flanged joints have, of course, been 
used, the flanges being drawn uj) on to a 
washer with bolts ; but while suitable 
lor some classes of work in engineering, 
these joints were cumbersome and difficult 
to house in ordinary building work. 

Joints for Thick-walled Copper 
Tube. J^'ig. I shows an ordinary Hanged 
joint. The flanges are of guninetal in 
high-class work, to avoid the association 
of (Uitirely dissimilar metals, which might 
lead to corrosion. 

Joints for Medium - thick - walled 


gauge tubes could be used. I bus the 
new methods of jointing made it ])ossible 
to employ thin gauge tubes tJi(‘ strength 
of which was still more than enough 
to withstand ordinary hydraulic and 
other stresses to which they would be 
subjeef when cnij)ioy('d for the con- 
veyance of cold and hot water in buildings. 

A. SCREWED AND FLANGED JOINTS 

The original metlnxl entailed having a 
tube or pine the walls of which had 
sufficient substance to allow a thread to 
be cut in the ends and still leave a margin 
of • subsfance boh)W the thread to with- 
stand stresses set up by tl. process of 
fixing and by natural effects oi expansion 
and contraction due ^o changes of teiji- 
perature. This recjuircnient, with the 
ordinary Whitworth or gas thread, iti- 
volved the use of a tube with walls of 
substance at least equal to that of the 
mild ste‘,j or wrought iron barrel em- 
ployed in building work. It made the 


Tubes. Tlu‘ method of joining the.se is 
illustrated in Fig. 2. The thread is mucli 
■ ler than the ordinary standard gas 
liiread. As the walls arc relntively thin, 
and it would not b(‘ jjracticable to form a 
w'atertight or steamtight joint by screw- 
ing UJ) with wrenches or s})anners, tlu' 
threaded ends of the tube and tlu* thnjaded 
socket ends are tinned. The union shown 
is of high-quality brass or of gimmetal. 
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The half of each union is screwed .on 
to the ends of the tube to be jointed, 
making suVe first to slip the fly-nut 
on the tube. The tinning should be' 
clean, and a flux of non-corrosive nature 
must be smeared over the surfaces. The 
flame^of a blowlamp is then played on the 
end until the tinning solder is melted. A 
little stick solder is added to flood up the 
top edge. The two halves of the union, 
with attached pipes, are then assembled 
and the fly-nut tightened up with ^a 
spanner until the meeting faces of the 
“ ground-in " union form a watertight 
joint. 

Bent unions and T pieces are, of course, 
obtainable, provided with the inions on 
the ends. When screwing up, another 
spanner should be placed on the facets 
of the female end and held, to avoid 
rupture of the attached tube by twisting 
when tightening up. 

Flange Joint for Light Gauge Tube. 
Thin-walled or light gauge tubes have 
been used for certain classes of work where 
the somewhat cumbersome flange joint 
was not objected to. Fig. 3 shows this 
form of joint. The flanges are of good 
quality brass, and the tube end^s flared 
over on to the meeting faces with a wooden 
mallet, finishing off with a smooth steel- 
faced hammer. Ttie back edge of the flange 
is brazed on to tube. A washer is used 
between the meeting faces. 

B. WIPED JOINTS 

Ordinary coarse solder joints have been 
found unsatisfactory for ordinary building 
work, for both hot and cold services. The 
joints break down and become leaky after 
a time. Such joints, however, are used on 
tinned copper tubes of large diameter for 
conveyance of beer in breweries. The 
chief advantage is that the tinned lining 
is not destroyed in forming the joint, and 
so keeps the beer/)ut of contact with the 
copper or other material which might have 
a deleterious effect on it. 

C BRAZED AND HARD-SOLDERED JOINTS 

Brazing of copper and brass pipes is 
not general in building work, but it may 
be used where greater strength is lequired 
than would be given by fine-solder sweat- 
ing. If brazing to brass, a brazing solder, 
(or spelter as it is usually termed) must bei 
obtained having a lower melting point 
than that of the brass. The wore must 


be cleaned and the parts to be brazed 
firmly fixed in position. The solder is in 
granulated or flake form mixed with 
borax, the latter acting as the flux. The 
work must be brought up^to a low-red 
heat in a forge or by means of a powerful 
blowpipe. The solder and flux are then 
applied by a small iron spoon. The 
spoon can be*formed by hammering the 
end of a stout piece of wire with the ball 
pane of a large hammerji If the solder 
refuses to unite with the surfaces it 
should be stroked round with the edge 
of the spoon and more flux added. 

For more detailed information on 
brazing in general see the article on 
Brazing. 


^ 1 ^ 



Silver-Soldered Joints. Both brazed 
and silver-soldered joints are classified 
as hard soldering as distinct from soft 
soldering, in which the solders are generally 
alloys of lead and tin. Hard solders con- 
sist of a mixture of copper and zinc in 
varying proportions, a 50-50 solder pro- 
ducing a fairly fluid and easily melted 
alloy. When it is required to obtain a 
lower melting temperature of the solder, 
silver is added. * 

Silver solder is more fluid and melts more 
easily than brazing^ spelter, so that it is 
very suitable for joining btass fittings 
and copper tubes where something 
stronger than soft soldering is required. 

The solder is generally supplied in sheet 
form and is cut with shears intd strips 
for application to the joint. Borax is 
used as the flux, and it is an advantage to 
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work it up to a paste by grinding it with 
water. ■ A dull red heat is sufficient to 
form the joint. A powerful blowlamp, a 
brazier’s gas-blowpipe or a welding blow- 
pipe can be flsed for the work. The last- 
named is very manageable and convenient 
to use, both in the workshop and on the 
job. Recently silver soldersTof proprietary 
makes have been place^ on the market 
which are very convenient to employ. 
Fluxes in paste form can also be obtained. 

’ Fig. 4 illustrates an all-copper job as 
suitable for ranges of washbowls, sinks. 


means of the compression joints, several 
forms of which are described in a later 
page. 

D. WEIPED ANQ BRONZE-WELDED fOINTS 

The subject X)f welding in general is 
discussed in a separate article under its 
own heading, but the special application 
to pipe joints is described here as a matter 
of convenience. 

^Welded joints are possible in cop{)er. 
but sj^cial precautions are needed owing 
to the difficulty of ensuring sound work 


m 
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PIPE: JOINTING BRASS & COPPER. Fig. 4. Model of all-copper piping suitable 
for range of washbowls, sinks, etc., including vent, wastes, hot and cold supplies : pipes 
In light-gauge copper ; Joints silver-soldered. 


in every case 
with this some- 
what “tricky” 
metal. Copper 
when fused to 
liquid very 
readily absorbs 
oxygen from 
the air or the 
gases of the 
welding blow- 
pipe. This 
absorption 
leaves the 


Executed by etudenta at Northern PolyteeknU, London. N.7. 


welded metal 


etc. The tubes are in light gauge copper. 
For the silver-soldered joints the tubes 
are opened up and worked in the same 
way that lead pipes are opened up. The 
copper being a comparatively hard 
metal, however, it is necessary and 
expedient to work it at red heat. An 
assistant manipulates a blowpipe flame to 
localize the heat on the desired points, 
while the copper is worked up by the 
plumber. Care must be taken to make a 
close fit, so as to economize solder and 
ensure a strong job. If prepared propeily 
the solder runs into the quirks in a similar 
way that soft solder runs in the capillary 
form of joint to be described later. 

The silver-soldered joints may be picked 
out in the illustiation by the neat, close 
and almost streamlined appearance. 
Though* the solder is expensive (that used 
on the job illustrated cost i6s. ^d. per 
lb.), the cost worked out -dt less than i Jd. 
per joint average, dwing to the sn^ll 
amount necessary.' Where it was antici- 
pated that such work might have to be 
taken dpwn for repairs or cleaning out, 
joints of compression type were inserted. 
These m$iy be seen on the traps and stop- 
valves. As set out, the work cajn be done 
on the bench and assembled in situ by 


weaker chan the parent metal. Copper is 
also fragile at critical temperature, so that 
in cooling down the contraction effects 
may cause hair-like fissures to occur in 
the vicinity of the weld, or in the joint 
itself. In order ^p neutralize the effects 
of gas absorption, tube may be obtained 
of t!r3 quality known as de-oxidized 
copj Special filler rods also of de- 
oxidized copper should be used for feeding 
the joint. Some makers of fiUer rod in- 
clude traces of phosphorus in the rod 
to absorb oxygen, but the manufacture 
is a very delicate process, and excess of 
phosphorus will cause a weak joint. 

Welds are executed" with the oxy- 
acetylene flame, and special care should be 
taken to obtain a ^leutral fldme of soft 
and non-rigid character, using the lowest 
[X)ssible oxygen pressure on the oxygen 
cylinder gauge. The luminous cone of the 
flame should never be pressed into the 
liquid bath of molten metal, but should 
hover above, about J in. away. Owing to 
rapid conduction rate of copper the metal 
should be evenly pre-heated with the 
, flame of» the blowpipe all round the joint 
and in its vicinity, before actual welding 
is bngiin. Pieces of asbestos sheet suitably 
placed will reduce conduction. 
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PIPE : JOINTING BRASS & COPPi'.H. Fig. 5. 
Butt weld in light gauge copper tube : top) detail of 
preparation of tubes, showing edges flared and flanged 
back (see text for further description) ; (bottom) 
finished weld. 

Fig 5 indicates a method employed for 
butt joints in light gauge tube. The two 
edges are flared and flanged back to 
project about ^ in. beyond the wall of the 
pipe. After cleaning, these edges are 
then fused down to the parent metal, thus 
forming a reinforced butt joint. A 
suitable flux should be used sparingly to 
avoid blow holes. A slight “ cess " will 
occur at the finishing point of the weld 
(which, of course, worked in a rotary 
manner, is the commencing point). A 
piece of de-oxidized filler rod should be at 
hand to fill this 
cess; otherwise no 
filler rod is needed 


flanged back. There is less likelihood 
of holes occuring under the flame by that 
method. This is indicated in Fig. 7. 

Copper welding has thus been describied 
briefly, but it can be taken •that for work 
in situ on a building, the process presents 
difficulties which are not easily over- 
come ; and it* should be understood that 
for satisfactory work bronze-welding offers 
a safer and more reliable method, at any 
rate for the man who only occasionally 
uses the welding blowpipe. Bronze- 
welding is easier than welding copper 
with copp)er and is more reliable, particu- 
larly for forming joints in awkward 
positions. 

Bronze- Welding. This process consists 
of uniting copper tubes by means of the 
oxy-acetylene welding blowpipe, using a 
filler rod of high quality brass. One such 
rod is that known as “ Sif-bronze,*' and 
another (slightly more fluid and easier to 
work) is “ Alda-bronze.” 

The process is really one of brazing, but 
with this difference, that a welding blow- 
pipe is used and the bronze rod is fused in 
spot by spot round the joint. The finished 
joint comes out a golden colour in a series 
of waves similar to, but more defined than, 
the waves produced in ordinary welding 
and lead-burning. An advantage over 
ordinary brazing is that the joint can be 
reinforced by added filler rod. 

Tfie preparation of the work is 
important. Straight or running joints 
are prepared by opening one end to form 
a lip or cup to hold the filler rod fusion^ 


for this type of 
joint. Branch 
joints can be exe- 
cuted in the same 
way if, in opening 
the branch, care 
is taken to leave 
and work suffi- 
cient metal to< 
form a socket 
above the crown 
of the pipe (see 
Fig. 6). 

For running 
joints in an up- 
right pipe welded 
in situ, it is re- 
commended that 
the bottom edge 
of the top pipe 
only should be 



Frepardttion 



\ I nil Appearance 


Preparatidn 
for Welding 
LG. Copper^ 
in upright 
position. 


The Finished Weld • 

Fig. 6 . Branch join| in light gauge copper tube, maae with butt weld in similar way to 
that of Fig. 6. Figi ?.• Butt weld In upri^hl light gauge copper tube, welded In situ. 
Ih thie case the top pipe only Is flanged back. 
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(see Fig. 8). Special steel 

tools may be obtained for ! 

opening the tube end. In 

Fig. 10 at A is shown a 

mandrel or drift which, , 

when driven in, forms a ^ 

lip concentric to the pipe. Sron^e \ 

B shows a tool which is Welding \ 

suitable to open tubes of I 

two diameters (say J in! II 

and I in.), and another pt-epamfionA ( ff 

for I in. and ij in. tube. j • 

For the bigger diameters j 

the drifts are more suit- 

able when made to open Htm 

one size only. To reduce 

the weight further and 

thus to get a more effective | ll ^ 

driving force from the 

hammer blows, the barrel ''?i?I,V”°e?p"pt®®tube!^°bron^«: 


should be hollow. This welded with oxy-acetylene blowpipe ; 
, 1 • 1 • r' T?- lower tube splayed to take fusions from 

tool IS shown in C, Fig. lo. finer rod. 


extent, as the cavity will 
I be more; difficult to fill 

I up and will be expensive 

I in filler rod. About ^4n. 

I is correct. Where proper 

I I * steel drifts cannpt be 

I obtained, one can be 

I improvised by means of 

short pieces of steam 
barrel and sockets. 

Joint jhjg jg indicated in 
• Fig. 10, D. A piece of iron 

barrel is selected which 
will slip easily into the 
copper tube, or • if it will 
not go in it is filed down 
to a suitable slip-fit. One 
III edge of the socket is 

then filed to an angle of 
‘ e?pp'^“tube?° ron^«: 45 dcgrces and screwed on 

•acetylene blowpipe ; tO the short end of the 


tool is shown in C, Fig. lo. 

The cupping should not 
lie carried to an excessive 




^ Forms of Steel Drifts. 


^^^^Seoiion 
< 0 


Goggles 




I MUd Steel 
, 1 Socket 


Y^fffifs.ocrewed Si 

Ji j * Brazed in 


Bent Bolt 




Hose Clip 


Ripe Cramp 


spanner 


Fig. 0. Brazing and welding equlpfhent needed for 
satisfactory pipework. 


ilf 

I Barret 


Fig. 10. Drifts lor opening lube eno 
ready for bfonze-welding : A, B, and C, 
special steel drifts (for method of use, 
see text) ; D, improvised drift made ot 
piece of iron barrel and steel socket (to 
open socket end of copper tube for 
bronze-welding). 


iron barrel. By brazing the 
pipe to the socket with the 
blowpipe flame, the worker 
will avoid the risk of the 
pipe becoming unscrewed 
and falling down the copper 
tube. 

Fig. 9 shows a number 
of additional tools required 
for satisfactory work of this 
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character. The welding table (made * 
from angle, iron and covered with 
firebrick or asbestos sheet) is not 
essential on the job, but is very handy 
where an amount of brazing or weld- 
ing has to be done. 

Bronze- Welding 
Joints. The main tube 
is* opened by boring a 
smaU hole and then en- 
larged with a bent bolt 
and hammer, and worked 



tube. The copper is kept red- 
hot while opening, and the edge 
filed level. 

In place of the bent bolt a pi^e 
of iron barrel can be used with 
advantage as soon as the hole 'is 
large enough to enter it. Ragged 
edges of the hole 
should be avoided, as 
•any jags will lead to 
tearing. * The edge is 
cupped over to form a 


4.^ A i JOINTING BRASS & COPPER. recGotacle or shelf for 

up to form a socket pig. 11. Bron*e-weld : branch Joint of ® j i . . j 

above the crown of the diameter copper pipe to one of the filler rod, the finished 

pipe. If the edge is larger diameter. joint being as in Fig. 12. 

kept red hot with a welding flame, A flux is necessary with bronze 
^ opening is easier and there is less risk of welding. The parent metal is brought 
splitting the edge. This socktl edge is up to red heat, not melted. The 
cupped in the same way as the straight cone of the flame should be played 

pipe and the joint made in a similar into the bottom of the cup and the 


manner. For tubes of very small diameter 
(as for instance, entering a | in. branch 
tube to a I in. main) “the smaller 
tube can be fitted butt to the hole 
in the main and a bronze-weld- 
ing made atound the junction. 

Fig. II shows the finished joint. 

Fig. 12 illustrates the position 
and appearance of a bronze weld^ 
in the larger diameters. For 
branches larger than i in., two 
small holes should be 
bored, as in Fig. 13. 

These holes are drilled 
g in. to I in. from the edge 
of proposed hole to 
receive the branch, and 
the tube is slit between 
two holes. The area 






filler rod applied until the surface 
becomes “ wetted with the bronze, 
when more is applied to form a 
proud bead on the face, but 
taking care that it is well fused 
(or wetted, as it is termed) 
on ther edges. This is repeated 
immediately next to the finished 
bead and practically overlapping 
it. 

The process is repeated until 
the circumference of the 
joint is completed. A 
secret of success is to 
play the flame right 
into the quirk of the 
preceding bead and 
in the lower depths 
of the socket. If the 




to be opened is then Fig. is. Appearance of bronze-weld on branch flaVfie and rod are 

brought up to red heat applied only_ * in 


with the localized flame 
of blowpipe, and the slit quickly opened 
by inserting the point of a knife in one 
hole and striking along and upwards with 
a medium weighty hammer. The hole is 
next opened' further ^th a bent bolt and 
haihmer until the necessary socket is 


away oxide is formed 
and trapped between, causing a 
** ce.ss '* and checking the progressive 
flow. 

A flame containing a slight (but only 
slight) excess of oxygen is an ad- 
vantage — particularly so when bronze- 


formed above and clear of the bore of the welding copper tube to brass fitfings is 

being undertaken. 

Joints can be m^de in ai^ position, 
provided reasonable access is possible, 
^but it is*an advantage to make as many 
as possible on the bench. Branch joints 
in sanitary work (waste, soil, and vent 
f pipes) must be oblique and in the direction 
of flow. The preparation is the .same 
except that the hole to receive the oblique 



Fig. ia Prepapatlon hole in main pi^ taka 


•C|uara branch Joint (see text above). 
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branch will be elliptical 
instead*of circular. See 
Fig. 14 for type of joint. 

Weldable Fittings. 

Special '‘weldable" fit- 
tings in copper have been 
placed on the market. 

They are made specially 
for bronze-welding and 
have a shouldcy to re- 
ceive the plain end of 
the tube ; the edge of the 
fitting has an annular 
space to receive the filler 
rod to form the joint. 

Fig. 15 illustrates this 
fitting, the one shown 
by B being an oblique T 
or junction piece as re- 
quired in sanitary work. The fittings 
with cost of joints are rather expensive 
but the cost is somewhat offset by reduc- 
tion in labour of preparation. It will be 
noted, however, that three bronze-weld- 
ings have to be made as against one in the 
joint '^Instrated in Fig. 14. Fittings may 
be obtained for hot and cold water service, 
as well as for sanitary work. 

(See further under Welding.) 

£. CAPILLARY SOFT-SOLDERED JOINTS 

Soft-solder sweated joints have long 
been employed for joining copper tubes in 
certain classes of work, but it was formerly 
considered that such joints should be 
made upright, with the mouth of the joint 
uppermost so that the solder could seep 
downwards by gravity. Experiment has 
shown, however, that if a definite space 


of capillary dimensions 
is established between 
the wall of the tube 
^ and that of the fitting, 
solder will fill up the 
cavity by capillary af- 
traoktion of the fluid 
metal, irresjjective of the 
position of the joirft. 
Joints can he made up- 
side-down or 'in a hori- 
zontal position as ea'sily 
and successfully as in 
the conventional upright 
position. 

Essential Precau- 
tions in Preparing 
Joints. To ensure suc- 
cess the following points 
should be observed : The ends to be united 
must be perfectly clean, as also the inside 
of the sockets of the fittings. The maker's 
instructions should *bc carried out pre- 
cisely. With tubes and fittings made to 
the appropriate Britisli Standard, there is 
no need to fear that the tube’ and fittings 
will be other than the correct size, but 
attempts should not be made to fit heavier 
gauged tybes to the fittings, as hand filing 
is not accurate enough to ensure proper 
filling by capillary attraction. Failures 
in capillary joints in the past have been 
known to be due to attempts to file down 
the tube to enter fittings of a lighter gauge. 

The inside of socket and ends of tube 
should be cleaned with steel wool or fine 
glasspaper, not with emery cloth. Dust 
from • Tiery cloth might check the proper 
flow u- the solder. 




Fig. IS. Copper fittings for branch joints, with shoulders 
for plain 'ends of tubes. (A) Square T for water 
service : circles enclose enlarged sections — left, of 
lolnt ; rjght, of socket ready for Joint. (B) Oblique 
T. Three welcfs art required as compared -with one 
for Fig. 14. 


Solders and Flux. A flux of non- 
corrosive properties should be used. Makers 
of fittings usually market a suitable flux 
and solder. The solder used for general 
work is that known as 50-50, containing 
equal parts of tin and pure lead. For 
extra .strong work a solder composed of 
95 parts tin and ^ parts antimony is 
recommended. See also Pipe : (2). 

Fittings. There are several makes of 
fitting on die market. Some have to be 
fed with solder on the edge of the joint, 
so that it seeps in ; another make has 
touch-hmes about halfway down socket. 
(There are three touch-holes on each socket, 
so that one is always easily accessible.) 
•When th^ joint is at the right temperature 
the’ solder stick is applied to the hole : 
the ^ider seeps in and the joint may be 
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Solder 

Wmt 



considered sound when solder 
appears all round the edge 
of the fitting. A third type 
hhs an annular space half- 
way down the socket wliich 
is alizeady filled with solder, 
so that it is unnecessary to 
apply stick solder. 

Making a Capillary 
Joint. The general method 
is as follows. First clean 
all tube ends and inside of 
sockets. Immediately smoar 
with flux, making sure to 
cover all surface within zone of joint. 
Assemble the work. Now apply the flame 
of a blowlamp on the 
outside of the joint ; 
as soon as the flux 
shows signs of vaporiz- 
ing, apply the slick 
►V Bhw Lamp selder at the quirk 
between edge of fitting 
and wall of tube when, 
if the precautions in- 
d i c a t e d have been 
taken, the solder will 
be seen to seep into 
the joint no matter what positidh it is in. 
Stop when solder floods up on the edge, 
and allow to cool before 
disturbing. Surplus flux 
should be wiped off while 
the joint is warm. 

For the type with touch - 
hole provided, the solder 
is applied at that point 
instead of at the edge. 

Fig. i6 illustrates the 
method of making capillary 
joints with stick of solder 
and blowlamp on an 
** Ideal " fitting. See also 
illustrations in page 210. 

Fig. 17 show| the joint known 

Solder Rmg * AFter Joint 

before^ Joint is Made / has been Made 



PIPE: JOINTING BRASS 
& COPPER. Fig. 18. Capillary 
joint being made on an ** Ideal " 
fitting. See also page 210. 

Jdral Hnilcra and Jiadiatora. Ud. 


Fig. 17. MaJicing a 
“Sidex” joint by 
applying solder to 
touch-holes; joint 
warmed by blow-lamp. 
Fuffr, Dundee. 



'* Sidex *' being made by 
applying the solder to touch- 
holes. 

Fig. i8 is a conventional 
section and elevation of the 
Yorkshire capillary fitting 
^with a ring of solder 
within the socket. Recently 
the range of these fittings 
has been icicreased and 
developed for sanitary work. 
Fig. 19 illustrates the traps, 
waste, ventilation pipes and 
fittings for a range of wash 
bowls. The fittings are catalogued up to 
in. diameter. 

F. COMPRESSION JOINTS 

As previously indicated, copper tubes of 
^t^uge are more than strong enough 
to withstand ordinary working pressures. 
It is not practicable, however, to form 
threaded joints on this comparatively soft 
and thin metal. Many joints have been 
devised to permit the tube to be connected 
4 )y means of compression unions, made of 
high quality brass or gunmetal. 

Typical Jointing Systems. There 
are many special joints on the market ; 
some require special tools to open and 

.. r\ 

— ii 


- [3" ^ II 




as 



Fig. 10. “ Yorkshire" capillary fittings applied to waste pipe work. Alter- 
native methods of connecting air vent pipes are indicated by dotted lines 

prepare the pipe ends for entering into 
contact with the compression fittings.. 
Others need only two suitable spanners to 
form a watertight joint. 

Fig. 20 shows the section of a well-known 
form of the first-mentioned type. Two 
holed plates Vind punches or drifts are 




1 — “■ 

Copper Tube 


Fig. 18. “ Yorkshire " capillary fitting whiefk ivcorpor- 
atee a solder ring (see enlarged illustration, Fig. 13, p.782). 
Yorkshire Copper Works. Ud. 



Fig. 20. ■Section of compression joint, for light gauge 
copper prpes up to 2 In. diameter. Special tool is 
required to open pipe ends. 
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PIf. 21 



PIPE: JOINTING BRASS & 
COPPER. Fig. 21 (above). Con/- 
pression Joint for tubei 2|in. to 8 in. 
in diameter, applied in a limilar.way 
to fitting of Fig. 20. See text b^ow. 

Pylfe, Dun tee. 

Fig. 23 (right). *' KontTte •* joint, in 
which wedge cone ring is pressed into 
wedge cavity between fitting and 
pipe wall. {Kay & Co.^ Engineers, Ltd,) 



Fig. 23 


Spanner 
6r/p 


‘opper Wedge 
Rings 






kr . 


cap couplings, flanges 
and-bolte are used. 
This type is listed for 
pipes in. to 8 in., 
diameter. The special 
tools for preparation 
of tube ends can be 
hired if desired. 

Fig. 22 illustrates 
the use. of another 
principle. This type 
requires only to have 
the ends of the tube 
slipped into the 
fitting. tightening it up, a 

grooved ring is compressed into the 
walls of the tube to grip it. It is 
essential that the tube shall be of a 
gauge to suit the fitting, and fittings 
must be ordered to suit the gauge of 
tube being used. For instance, i8 

gauge tube would not enter a iq gauge 
fitting ; and a* 19 gauge tube in 
an 18 gauge fitting would be too 
loose and would not ^tighten up 

properly. 

In the type of joint which is 

shown by Fig. 23, a wedge-shaped 

cone-8ing is pressed into the wedge- 
shaped cavity between the fitting and 


Fig. 22. Joint having compression ring. (1) The '* Instantor" 

Union dismantled to show: A, socket; B, distance stop; 

C, seating for ring? D, compression ring; E, coupling nut; 

F, nut shoulder. (2) Union coupling with pipe ready for tKo wall nf the ninp on fitrhfpnint? un 
entering and compression ring in place. (3) Joint assembled Wdii OI me pipe, on Ugnicning up 

by inserting pipe through nut and ring to abut stop, the UniOtl iiy-nUt. 

(4) Joint completed by screwing nut } to one complete turn. 

Fyf/e, Dundee. 

required to bell out the tube 
ends to the form shown. The 
ball end of the brass nipple 
and the recess in fly-nut are 
ground in together so that 
when tightened up the copper 
edge is, nipped between the 
two and so forms a metal to 
metal watertight joint. 

Fig. 21 shows the applica- 
tion of a similar principle to 
large diameter pipes. Instead 
of being drawn up by screw- 


GASKET 





BRASS THIMBLE 

BRONZE WELD 
\ 


cement 


^ SPUN 

COPPER 

LIGHT GAUGE CEMENT THIMBLE 
COPPER PIPE 


BRONZE WELD 



Fig. 24. Joints to light gauge copper soil and waste pipes : A, copper waste pipe to c.i. socket ; B, copper 
soil or vent pipe to c.i. drain ; C, alternative joint to B ; 9, stoneware outgo of w.c. or stop-hopper to 

copper pipd : E and F, alternative joints to O. 

Copper Development Avsociatlon. 
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This fitting allows a variation of two 
gauges. Fittings such as bends, tees, 
valves, etc., have the ends fitted with 
thfe compression joints. 

Essentials of a GoQd Fitting. A 
good compression fitting should be con- 
structed of dense non-corrodible metal 
or alloy. It should be strong and care- 
fully machined to fit the gauge of tube 
intended. The construction should be 
such that the waterway is not appreciably 
constricted. Fittings should be procif 
against pulling apart by, the effects of 
frost. Finally, it should be possible to 
take the* joint apart without destroying 
the fitting. 

Special Sanitary Joints. A ^ood deal 
of light gauge copper tube has been 
used recently for soil, waste and vent 


pipes. Local authorities issue regulations 
as to method of joining copper pipes to 
stoneware drains, iron drains, stoneware 
outgo of w.c. to copper, etc. 

Fig. 24 gives an analysis of various 
joints suitable for this class of work. The 
various component members are indicated. 
A shows a copper waste pipe to cast-iron 
socket or inlet of gully trap; B, copper 
soil or vent pif^ to a ^st-iron drain. 
C is an alternative to B ; Z 7 , the stoneware 
outgo of a w.c. or slop-hopper to a copper 
pipe. The methods shown in E and F 
are alternatives to Z). 

Joints for One-Pipe System. Details 
of these will be found in the article on 
One- Pipe System (Sanitation), together 
with an extract from the L.C.C. Drainage 
By-Laws applicable. 


PIPE AND PIPE FITTINGS: (4) FOR GAS 

By J. W. Cowan, A.M.I.H.V.E. 


This article deals with pipes of all kinds for gas, and with the appropriate 
jointing methods. Where methods are identical with those used in water pipes 
or steam pipes, the reader is referred to^reievant sections of other articles in 
this Group. Sections are ; A. Gas mains : B, Service and supply pipes : (a) 
iron and steel carcass pipes ; (b) Lead and composition carcass pipes ; (c) Light 
gauge copper carcass pipes. See Gas Fitting ; also Pipe : (2), (3), and (6) ; and 
Pipe Sizing. For methods of^specifying pipe fittings see Pipework Chart, f,p. 792. 


The materials and weights of which 
pipes to be used for the conveyance of coal 
gas may be manufactured, and the methods 
to be adopted in the fitting of gas pipes and 
appliances have recently been standar- 
dized by a Report of the Institution of Gas 
Engineers. This is published by the 
Ministry of Works (through H.M.S.O.) as 
a booklet entitled “ Gas Installations,*' 
Post-War Building Studies, No. 6. The 
Report requires that reference be also made 
to a wide range of British Standards, pub- 
lications of the British Standards Institu- 
tion, with wdiich the approved materials, 
fittings and jointin^r methods are required 
to comply.* 

A. GAS MAINS 

Cast-iron Pipes. Cast-iron is largely 
used for underground gas mains because 
of its mechanical strength and high degree 
of resistance to corrosion, in adj^ition to 
the ease with which it can be cut and 
drilled and tapped for branch connexions. 
These pipes vary from 9 ft. to 12 ft. in 
length. ’ # 

Jointing. The joints may be^of the 
open spigot and socket type, or tflmed 


and bored, or one of a variety of special 
flexible joints. The open joints are made 
with spun yarn and caulked molten lead 
or lead wool. Investigation has shown 
that the effect of caulking run lead in 
order to consolidate it between spigot and 
socket does not penetrate dee])er than 
about I in. from the face of the joint. 
The use of lead wool which is caulked into 
a joint strand after strand, as is the yarn, 
ensures that the lead of a joint is solicl 
throughout. These joints take longer to 
make than a run lead joint and are a little 
more costly, but they are generally better, 
and the jointing is not affected or delayed 
by dampness in a socket during wet 
weather. 

A number of joints for gas qjains are 
shown in Fig. i, together with two asbestos 
packing rings,^either of which should be 
used in preference to clay to close the 
fn^nt of a horizontal joint for ’the running- 
in of m®lten lead after the yarn has been 
inserted. It may be noted from Fig. i (e) 
and (0 that the rigidity of the turned and 
bored joints requires pipes to be IS.id in a 
perfectly straight line ; and, also, that 
this type of joint would be* unsuitable 
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considerably reduces the risk 
g of fracture from soil move- 
ment. Because of their 
J liability to pitting under' 
corrosive influences, steel 

^ pipes are usually wrapped 

in tarred hessian* and the joints are 
similarly covered after testing. 

Jointing. Both plain-end and 
socketed steel tubes are used. 
Some methods of jointing these 
are shown in Figs. 3, 4 and 5. The 
welded b«ll ” joint, Fig. 3 (a), is 
suitable for plain-end pipes and 
requires only portable oxy-acety- 
lene welding equipment. The bell or 


Space For Lead Space tor Lead socket is made by heating and hammering 



PIPE : FOR GAS. Fig. 1. Joints and jointing for 
c.-i. gas I .. 'n€t. A and B, open lead and yarn joints. 
C and u, packing rings : ^C) “ squirrel tail " pipe 
jointer made of specially woven asbestos rope ; (D) 
pipe caulking clip for use on all main and soil pipe 
caulking. E and F, turned and bored joints : (E) 
half-bored ; (F) full-bored. 

C and D: ShutncU Tool n'orks. Ltd 

where possil)le subsoil settlement might 
require some degree of flexibility in the 
joints. Open joints are not flexible, but 
each joint can be broken slightly 
during laying in order to follow the track 
of an easy-curving trench. 

Where there is a greater curvature, 
outside the deflection of a separate l)end, 
or where settlement or vibration might 
damage a too-rigid pipe Jine, some form 
of flexible mechanical joint must be used. 
Four of thtse are illustrated in Fig. 2. In 
addition to remaining gastight even when 
adjacent pipes are possibly 5 degrees out 
of alincinent, these joints can all accom- 
modate movements due to expansion and 
contraction. 

Mild Steel Pipes. The use of mild 
steel for gjis mains is a comparatively 
recenf development. These pipes do not 
possess the corrosion-resisting proper- ies 
of cast-iron, but they are^made in lengths 
up to 50 ft., a fact which reduces jointing 
to a minimum ; and they arc better* able 
to withstand the stress of traffic when laid 
in shallow trenches. In addition, steel 


the end of the pipe. Alternatively, the 
joint may be butt-welded, Fig. 3 (6), or 
may be strengthened by the use of an 
external or internal liner. Fig. 3 (c) and 
(d). The inside sleeve would only be used 
on large pipes in which the bore restriction 
w'ould be negligible. 

Socketed tubes are sometimqp used to 
•assist alinement, in which case a welded 



Lead Fing 


helical Faces 



pipes are ifexible ; each length is capable “ 
of an appreciable amount of “ spripg,” 
depending upon size and length, Which 


Fig.f2. Flexible mechanical joints to allow for move- 
ment an& loss of alinement in pipes : A, " Stanton *' 
Joint ; B, “ Stanton Wilson '* joint ; C, " Staveley ” 
flexible cls^ped joint : D, Staveley " flexible bolted 
joint. 
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joint would be made as shown in Fig. 3 (e) 
below. 

Mild steel pipes can be cut more quickly 
with oxy-acetylene equipment than by 

wdcfs 

yweiti ^ 


movement due to expansion. It relies 
upon pressure exerted by bolted flanges 
upon the pipe ends and rubber sleeves, and 
is similar in principle to the joints used for 
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butt weld ; C, welded sleeve (outsli 


Welded joints for pf 
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Chamfer optional 


other methods, and the same plant enables 
bends and other special fittings to be fabri- 
cated at site. The fabricatidli of a bend 
and pipe fittings by welding methods is 
described in Section E of 
the article Welding : (2) 

(which see). In the making 
of branch connexions, as 
for sub-mains, a cutting 
blow-pipe is used to make 
the hole, and the branch 
pipe is fitted into position 
and welded to the main. 


(ej 

ilaln-end and socketed steel tubes : A, welded bell joint ; B. 
D, welded sleeve (Inside) ; E, welded socket. 

plain-end cast-iron hot water heating 
pipes in horticultural work. 

B. SERVICE AND SUPPLY PIPES 
Service Pipes. The pipe laid under- 
ground between a gas mam and a con- 
sumer's premises is known as a service 
pipe. For a diagram showing gas main and 
service pipe see Fig. 8, p. 468. Gas fitting 
is dealt with under its own heading in 
pages 475-478. Unless of cast-iron or 
copper, these should be of steam weight 
wrought iron or Class B of- C mild steel pipe. 

Screwed pipes for do- 
mestic services may be of 
puddled wrought iron or 
mild steel, and should 
comply respectively with 
B.S. 788-1938 and B.S. 
1387-1947. Pipes of both 
materials are made in three 
iveights, light, medium and 


Spur? Yarn 



Run Lead Oi 

Lead Woo! ^ , 

Welded joints do not Fig. 4 . Lead and yarn joint, which re- heavy. These of wrought 

frkr ovnonclon or Heves Jointing material from etrew due to a J 


provide for expansion or 
contraction, nor do they 
add to the flexibility of a 
pipe line. The joint seen 
in Fig. 4 is similar to 
other lead anefyain joints, 
with the exception that the 
extended sleeve greatly 
assists alinement and re- 
lieves the jointing material 
of stress arising from set- 
tlement or sagging. 

The Johnson coupling 
(Fig. 5) is designed for 
plam-end pipes, whether 
of mild steel or cast-iron. 


tagging. 




iron are described as gas, 
water and steam weights, 
and are marked by the 
colours black, blue and 
red. The corresponding 
steel pipes are known as 
Class A, Class B and Class 
C, and are distftiguished by 
colour bands of brown, 
yellow and green. The 
Bnly differences between 
one weight and another lie 
in the wall thicknesses, and 
in the corresponding varia- 
tion in the actual bore dia- 


T+ « f** ®- '“Johnson -'coupling, dotignod metcrs. In wrought iron 

It is remarkably flexible for 5>i4^-end pipes, wh^cb allows for fLg thicknesses^ varv bv 
e#i/l rAoHiUr movement in expandon. vary uy 


and readily accommodates 


rMaulic Co., Ltd, 
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Table I. — Standard Dimansions of Screwed and Socketed Steei Tubes 



Wall Thickness 
Standard Wire Gauge 


Appruximale Weight 
lb. per foot 


Approximate 
Bore Bia. (in.) 


Class Class Class Class 

A B C A 


Class Class Class Class 

C A B C 



For detailed information see li.S. 1387-1947. 


Wire Gauge) but,as is shown inTable i, above, 
there is a wider difference between the 
weights of steel tubes. Pipes of Classes B and 
C, which correspond in wall thickness and 
actual bore diameter with the gas and 
steam v v*.^hts of wrought iron pipe, differ 
by two S.W.G. Class A pipes, from one to 
three gauges lighter than Class B, is a new 
light-weight tube, not made in sizes over 
4 in. nominal bore. Whatever the ma- 
terial or weight rf)f a tube, the external 
diameter is constant in each nominal bore 
size : the variation of actual bore with wall 
thickness renders the bore diameters 
wholly nominal, as seen in the last thre^ 
columns of Table i. These pipes are 
normally formed from strips of metal, 
butt welded in sizes to 3 in. nominal bore, 
and lap-welded in larger sizes, but solid- 
drawn (seamless) tubes are also widely used 
for the same purposes. I'hcse tubes are 
hydraulically tested after manufacture as 
follows : 

Wrought Iron lb. sq, in. 


notes on the alincment of service pipes 
and the use of " receivers or “ siphon 
boxes.'* Two views of such fittings are 
shown in Fig. 6. The* lower end of the 
vertical outlet or suction pipe, seen in 
broken lines in Fig. 6 (6), can be sealed 
*by pouring a few inches of watA- into the 
cylinder. The moisture of condensation is 
pumped out through the suction pipe. 

Installation Work. All gas pipes on a 
consumer's premises from the outlet of a 
meter are known as supply pipes or 
internal installation pipes. There are 
three kinds of pipes in general use for 
such work, namely, (a) iron (or steel) 
pipes ; (h) lead and composition (compo) 
pipes , 91 ' 1 (c) light gauge copper pipe. 

(A) Iren (or Steel) Installation Pipes. 

Screwed mild steel gas pipes of dimen- 
sions given in Table i are largely used. 
The fitting of this pipe is similar to the 
fitting of screwed tubing for other pur- 
poses, as for heating and hot water work. 


Gas pipes, all sizes . . . . ■ • 

Water pipes, all sizes 
Steam pipes, up to 2 in. diaineter 
Steam pipes, over 2 in. diameter 

Mild Steel lb. sq. in. 

Class A, B, C— All 5 izes 
up to 6 in. diameter 700 

In addition, tubes of all 
weights to be used for gjis 
work must be further tested 
by internal air pressure of 
1 100 lb. per sq. in. while the 
pipe is immersed in water. 

Reference she dd be 
made to Gas (3) Town's 
Gas Utilization, p. 468, for 



Gas pipes are cut preferably by means of 
a hacksaw, to ensure freedom from the 
internal , biJlrrs made by 

» most wheel pipe cutters — 
a point of primary impor- 
tance in small bore pipes 
— and the same dies as 
for other purposes are 
used to cut the threads. 
Note that a joint may be 
made gas-tight by coating 
PIPE FOR Q/8. Fig. 0. A, the male thread with paint 

receiver or siphon boj^ as fitted at or jointing COmpOUnd with- 
lowest points In gas mains and i ® x u 

Mrvice pipps to collect condensation ; OUt tiie U^ 01 ncmp, 


S^cn 


pTp*^ *se.‘^i«rFr“8?pw«a5''“ even when parallel-tapped 


759 





















PIPE : (4) FOR GAS 


PI 



fittings are used ; that sleeve 
pipes are generally unnecessary ; 
and that gas pipe brackets need 
not permit of the lengthwise 
movement to which alternate 
expansion and contraction sub- 
jects hot water pipes. 

Screwed pipe fittings are dis- 
’ cussed in greater detail in Pipe : 

(6). Gas fittings arc in all 
respects similar to other screwed 
fittings. Both mild steel and 
malleable cast-iron are used, 
although, in view of the low 
prcssilre and the absence of 
active corrosion in internal work, 
there would seem to be little to 
commend the stronger but more crude 
and clumsy steel fitting. 

Malleable fittings may be of either 
“ black-heart or “ white-heart *' malle- 
able cast-iron Both are manufactured in 
the “ plain ** pattern, without band or 
bead at the outlet, which is generally 


P2 





Fig. 8. British Standard Threads, showing comparative engagement between 
taper tapped (A and C) and parallel tapped (B and D) pipe fittings. A and B are 
hand tight ; C and D are wrench tight, in A, threads are cut on the thickened 
wall, leaving thickness of fitting intact ; in B they are cut into the wall and 


reduce its thickness. 

preferred for gas work because of the better 
appearance and the absence of real need 
of reinforced outlets. A number of plain 
pattern pipe fittings arc shown in h'ig. 7. 

The outlets of white-heart "malleable 
fittings, in coml!no|j with mild steel fittings, 
arc invariably tapped with a parallel 
thread, in contrast to the tapcT^^d tap- 
pings of all black-heart fittihgs. The 
essential differences between the two 
methods are shown in Fig. 8. The metal- 
to-metal engagement at all poi*Is between 
the tapered thread on a pipe and a taper- 
tapped black-heart fitting is to be seen at 
Fig. 8 (a) and (c). Fig. 8 .(i) and (d) 
show the lack of engagement which must 
obtain within any parallel-tappe^ fitting 
in the absence of distortion. 


PS 

PIPE : FOR GAS. Fig. 7. Plain ” pattern (without bead) 
malleable fittings for iron or steel carcass pipes : PI, round elbow . 
P2, equal T ; P3, equal cross ; P4, socket ; PIO, side outlet elbow; 
P5, cap ; P8, concentric reducing socket ; P11, side outlet T. 
liimi nailers and Itadialors. Ltd. 


In practice, the fitting is expanded near 
the outlet by the tapered pipe thread, but 
it is principally on account of this lack of 
engagement that hemp is considered so 
necessary in screwed pipe w'ork. Thc.so 
diagrams also show how the additional 
thickness of metal behind a taptTed tap- 
ping provides accom- 
modation for possible 
over-length threads 
on a pipe, and enables 
them to project into 
the •clearance beyond 
the end of the fimak' 
thread. It will be 
noticed that parallel 
threads are cut into 
the wall of the fitting; 
they shallow out 
necessarily t owards 

the inner end and 
cannot, therefore, 
accommodate even 
one over-length pipe thread. * 

The fact that the soundness of a .screwed 
pipe connexion depends entirely upon 
compres.sion arising from the tapered 
thread of the pipe should be borne in 
mind in the use of nipples. The use of the 
“ parallel " nipple. Fig. 9 {a), is always 
to be deprecated. The pre.ssuro-itightness of 


Ccurlcsy uf Crane. Llfi 



Fig. Q. Screwed pipe nipples 
A, parallel ; B, close taper ; C, 
barrel ; D, hexagon (see text). 
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pipes : A. ^cclntric ™du"cini’®,ock«®. r 
concentric reduclne socket ; C. iSric bSsh ' D 
concentric bush- 


any such connexion must deiiend upon the 
fittings so assembled abutting each other 
oquarelj^, and having chamfered faces 
between which to compress a hemp or 
other packing, which 
would alone ensure 
pressure-lightness. 

Wherev;cr possible one 
of the other three should 
be i.y ri y\jj Qf them have 
tapered threads with wliich 
to make a .sound and per- 
manently rigid connexion. 

The " clo.se taper ” nipple, 

Fig. 9 ( 6 ), anti the "barrel” 
nipple, iMg. 9 (c), are 
screwed from pieces of 
tube. The " hexagon ” 
nipple, Fig. 9 (<f), is in- • 

variably of malleable cast iron. This 
pattern can be tightened easily l)ccau.se 
of the hexagon, and is the only type of 
nipple made in reducing size.s — that is, 
with one end of a smaller pipe-size than 
the otlior. 

Tli^ correct use of re- 
ducing fittings, to be seen in 
Fig. 10, is also worthy of 
notice. As in other pipe- 
work, the eccentric pattern 
makes for a better appear- 
ance with both horizontal 
and vertical gas pipes than 
is possible when concentric 
reducing fittings are use^. 

Normally, in gas wojk, the 
flat side of the ^eccentric 
reducer can be used to 
maintain a constant 
spacing between a reduced 
pipe line and a wall, as 
shown in Fig. ii (a). Only 
in large installations and 


ini the absence of dehydration is . it 
necessary to maintain a straight under- 
side to facilitate the efrainmg away of 
condensate, in which case horizontal pjpes 
would be alined to drain back towards the 
meter, br to other points at wliich receivers 
would be fit tea. 

It is important fo note that the lower 
end of a vertical steel or iron gas pipe 
should not terminate in a beiid or elbow. 
Even when gas has been ‘dried or de- 
Jiydrated there would remain the risk of 
chokage at the bend from flaking scale 
within the pfpe. To ensure access for 
inspection and in case of partial chokage, 
all vertical pipes should at least be fitted 
with a plugged tee as shown in Fig. 12^ 
Alternatively, when the pipe is in an in- 
conspicuous position, a short length of 




Reducing fitting.9 for 



~ » 



Fig. ip Reducing sockets on pipes : A, eccentric fitting usacI tr. 
maintain constant spacin^g from wall; B, concentric fitting, ® req5?ring 
^ unsightly offset to maintain spacing. 

pipe with a cap on tlie lower end may 
tak« the place of the plug to provide a 
poci for scale or possible condensation. 

Lead and Composition Carcass 
Pipes. Lead pipe is almost invariably used 
to connect small and medium sized 
meters because of the ease with which it 
can be manipulated. Brass unions are 
soldered to the ends of the lead connexion 
pipes for screwing to the service arc! 
supij»y pipes and meter connexions. 

Lead compo.sition or " coippo " pipe is 
still used for intcAal work in many dis- 
tricts despite the ca,se with which it can 
be d«mr? rd. chiefly because of the low 
first cost and the speed with which it can 
be fitted. It is similar 
to lead in appearance, 
but is made of a 
lighter and cheai)er 
alloy {see Composition 
Pipe). It is supplied 
in coils weighing from 
56 lb. to I cwt., and in 


D 


Fig. 12i Plugged tee used in place 
of an elbow or bend at the lower 
end of a verticaliga£ pipe, to pro- 
vide access for inspection. 


761 







PIPE : ( 4 ) FOR CAS 

lengths* varying with size from 8o ft. rto 
250 ft. The screwed brass nipples used 
for connexion to'littings may be soldered 
on py the use of a copper bit or by means 
.of a " blown " solder joint. 

(C) Light Gauge CeppeijCarcaifs Pipe. 
During recent years light gauge copper 
tube has been used extensively for gas 
work. In many districts it has been 
adopted exclusively for carcass work and 
service pipes*, for which it is eminently 
suited by reason of its glass-smooth borq, 
and freedom from corrosion. In cost per 
installation it is fairly codiparable with 
steel pipe despite the higher cost of 
copper. 

BtrORL HEATING ! 

folder n cl 1 


The eutnde flf Mm lube lh« 
•wide «| Mm jilhvM ifwiild be c L 
wiMi eondpoper or timtl motl A 
cooled evenly wilh |luff 


Ihe eamet et-ount of aoMer iweM b moli* Hw ioinl it 
cenlOHied M Mm oionnel oreund boM of pinq. 

PIPE: FOR QAS. Fig. 13. 

“ Yorkehire ** capillary joint j 

in light gauge copper (with copper lube 
incorporated solder rin^, for 
carcase pipe (see also Fig. 1, 
p. 210, which shows cross-sec- 
tional diagram of this fitting). 

This is largely due to reduced labour 
charges, because of the ease with which it 
can be bent and jointed. Although in the 
smaller sizes the wall-thickness is only 
0.048 in. it is very considerably stronger 
than compo pipe and is much less easily 
damaged. 

The specified air-test pressure for non- 
ferrous tubes is only loo in. water gauge 
(3.6 lb. per sq. in.), but the pressures of 
hydraulic destruction tests are of the order 
of 5,000 lb. per sq. in. • 

In the jointing gof these tubes com- 
pression joints are usdB to some extent, 
but they are heavy and bulky, and capil- 
lary solder joints are generally prefeiied 
for gas installations. Solder fittings are 
but little heavier than a similar length of 
light copper pipe and have the^ great 
advantage that they do not normally 
project more than ^ in. or so beyond the 
line of the pipe. 

These fittings are discussed in gr^at^r 
detail in the preceding artide fipe : 
(3) Jointing Brass and Copper. ’ ^ 


Fig 16, in page 754, shows a solid drawn 
copper fitting which is soldered to tl^ pipe, 
after cleaning and fluxing, by heating the 
joint and applying a solder wire to the 
mouth of the socket. (See^ also p. 210 
for further illustrations.) In Fig. I3 
(below) a fillet of solder is provided within 
the socket of 9 hot-pressed brass fitting. 
After cleaning, fluxing and assembling, 
this fitting need* only be heated until 
capillarity draws the theif molten solder 
out of the groove to complete the joint. 
This requires only one hand to hold the 
blowlamp — a point to be appreciated in 
many awkward comers in which gas pipes 
have to be fitted. 

APTia HEATING : 


“iolder. 

CTh«.fold«r |rom lh« cHoiAmI n drovn 
by GOptllcMry allraclion inlo Hm pml, 
(k IIm whole It }uted loqelhar, forming 
0 copeer.tine-hn eompetind 

\.Rinq of solder showing on foca of lube oiler 
moking Ihe joinl.provinq lh«o sound joini hos 
bAin mode 


Ovsflng to the circumferential clearance 
between pipe and socket being usually 
less than 0*002 in. in these joints, the solder 
penetrates the inter-crystalline boun- 
daries of both fittings and takes [a) 
copper, and (6) cooper and brass into 
solid solution. Because of this, solder 
joints are not dependent upon a Simple 
tin-lead solder but upon much stronger 
alloys composed of {a) copper-tin-lead, 
and (b) copper-tin-lead-zinc; the latter 
is harder because of the zinc absorbed from 
the brass. 

One of the most attractive features of 
the solder fitting is that the joints n^ed not 
be made at the time the pipes are fitted. 
It is often convenient to assemble the 
|[reater portion of the work^ with the 
joiirts merely cleaned and flux*ed, and to 
do the soldering later with one lighting 
of the blowlamp. It may be noted that 
this method ensures that each length of 
•pipe* must be adequately supported by 
brackets, ud quite independently of the 
joints. 
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PIPE AND PIPE FITTINGS: (5)^ FOR PETROL, OIL AND 

COMPRESSED AIR 

By J. W. Cowan, A.M.I.H.V.E. 

information for the Pipe Fitter on the pipes and<» fittings suitable for these 
services. Since in some respects the materials and methods *kre identical with 
those for other pipework, the reader should refer to appropriate articles in this 
Group for furthet general notes. See also Pipework ; Screw Cutting. 


Information is given here about the 
fitting of pipes fbr petrol and oil services, 
and those for compressed air lines. Since 
much of the procedure is similar to that 
for other pipe fitting, reference is made to 
the relevant articles elsewhere in this Group. 

A. PETROL PIPES 

Petrol is perhaps the most troublesome 
of all liquids for which pipe lines are 
required. By reason of its volatility and 
high degree of inflammability, leakages 
can be exceedingly dangerous, and no 
liquid is more searching with regard to the 
othci-than-perfect pipe connexion. 

Copper pipes with sleeve type compression 
or capillary soldered fittings, are used on 
most petrol pipe lines, where small size^ 
of feed pipes are required. This applies 
particularly to feeds on internal com- 
bustion engines since copper, when an- 
nealed, will wfthstand vibration without 
fear of fracture. 

Since it is not used at high pressures, 
ordinary steam weight mild steel jiipe 
and tlic normal fittings are suitable, but 
the joints require more than usual care. 

All that is said of clean-cut threads and 
cleanliness with regard to screwed joints 
for compressed air (see later) applies 
imperatively to petrol* connexions. The 
** recede!* ” type of die stock will grcatlv 
assist the accurate cutting of threads. 
For further notes see Screw Cutting. 

Jointing Compounds. It is equally 
necessary to avoid the warmth of friction 
in making the joint, and for this reason 
it is advisable to use a .better than 
usual jointing compound. This should be 
composed of litharge (lead monoxide), a 
yellowish-brown powder, and glyc. dne, 
and should be mixed to the®consistency of 
enamel in srtiall quaiftities as required. 
This is fairly expensive and tq avoid 
waste should be kept in an airtight screw- 
capped glass or stoneware jar. Its value 
lies in "its rapid hardening within the 
joint, wjiere it fills all irregularities between 
the threads through which the’ petrol 


would assuredly find a way. This jointing 
paste (composed of litharge and glycerine) 
differs from the white or graphitic com- 
pounds used for other work in aii 
important detail*: these latter are largely 
lubricants and do not harden. 

B. OIL PIPES 

In deciding the method to be adopted 
in fitting pipes for an oil service, much will 
depend upon the temperature and pressure 
of the oil. For the connexion between 
an oil fuel tank and the burner of a central 
heating boiler, special material would be 
unnecessary. Ordinary mild steel or 
copper pipe and the usual ranges of 
fittings would be used, and it would be 
sufficient to assemble the work with 
normal attention to detail. 

In oil refineries, where higher tempera- 
tures an(f pressures would be encountered, 
welding has replaced much screwed pipe 
work. For small connexions specially 
heavy malleable iron fittings are made. 
Usually these have American threads, 
somewhat longer than normal, which of 
courst require that American dies be 
used ■ the stocks. For hot oil-fuel lines 
require I to deliver oil at temperatures 
and pressures of, perhaps, upwards of 
250' F. and loo lb. per sq. in., the.se 
heavier fittings and longer threads would 
normally be used ; but screwed joints are 
reduced to a minimum and welding is 
now largely used towards this end. 

Heayy Duty Lines. For heavy duty 
oil lines, as for solic^ injection to a 
Diesel engine, pressures from 2’,ooo lb. to 
10,000 lb. per sq. in. necessitate heavy 
walled ^solio drawn tubing and welded or 
machine-faced flange connexions. The 
flanges are normally shrunk on to the 
pipe by being screwed on at a red heat 
while thfe pipe is cold. Even for com 
paratively low pressures this would be 
followed by expanding the pipe into the 
threads of the flange, although it is 
doubtful whether that is necessary. In 
large* pipes the shrinking is frequently 
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followed by single or double welding. 

In single welding, a fillet weld is made be- 
tween the shourder or boss of the flange and 
tlje pipe to cover possible weakness left by 
screwing, as shown in Fig. i. In double 
flange welding the pipe* is left *3 
i in.^short of the face of the flange and 
the second weld is made inside, as shown 




PIPES : FOR PETROL, OIL, AIR. Figs. 1, 2 and 3. 
Flange welds on heavy duty oil lines : (1) single 

flange weld ; (2) double flange weld ; (3) special 

high pressure flange weld. 


in Fig. 2. Screwing assists the alinement 
of flanges but is not indispensable. Fig. 3 
shows a higlT pressure flange joint in which 
the pipe end is expanded into a specially 
prepared socket in the flange prior to 
welding. • 

Specially heavy fittings are made from 
solid steel forgings for hot oil up to 900° F. 
and 1,200 lb. per sq. in., but these are not' 
recommended for lines subject to shock. 

C. COMPRESSED AIR PIPES 

Pipes for compressed air lines for light 
work, as for foundries, sand-blasting, 
paint-spraying and small pneumatic tools, 
are usually of steam weight mild steel. 
For heavier duties, a heavier quality of 
solid drawn (seamless) steel pipe would be 
used. 

The ordinary ranges of malleable fittings 
are quite suitable for light work, but for 
high pressures the stronger wrought-iron 
fittings would bg used, especially where 
the line might be silbject to vibration or 
concussive shock. Welding is frequently 
adopted for large pipes; welded. flanges 
are then used for the connexion of filters 
and other fittings which may need to be 
dismantled from time to time. 

There are several points to which 
particular attention should be paid in the 
erection of compressed air lines. 

Screwing. First, it is essential thaf 
the screwing dies be in good condition, 
and that sufficient care is used and cSoling 


oil employed to ensure that the thread 
is accurate, clean-cut and unbroken. 
However much a liberal use of hemp and 
jointing compound may serve to make 
good the deficiencies of wgrn dies and a 
shallow thread in the making of screwed 
joints for other purposes, slipshod methods 
and tinkering remedies will avail little 
against air. In recognition of this, first 
class practice in heating and hot water 
work requires that thes^ pipes be given 
an air test for soundness of connexions, 
in addition to the usual hydraulic tests 
for other purposes. 

Secondly, in screwing a fitting to a pipe, 
it is essential that this be done without 
undue haste, and without dust or grit 
on the threads. Owing to the^ consider- 
able amount of bearing surface between 
the roots, slopes and crests of the threads, 
the heat of friction would cause both 
threads to expand and to meet in metallic 
contact sooner than they wpuld in the 
absence of heat, an action greatly assisted 
by the presence between the threads of 
^ust and grit from a building site. Such 
a joint would be sound at the time of 
making, could a test be applied im- 
mediately ; but, with the dissipation of 
the heat, a proportionate^contraction of 
both pipe and fitting would take place 
and the joint would no longer be pressure- 
tight. In screwed and flanged pipe work 
thi§ trouble is remedied by the use of a 
pipe expander, somewhat similar to those 
used for boiler tubes. The principal 
purpose of the graphitic or other jointing 
compound with which tliQ male threads 
should be coated is to lubricate tlic joint 
during making abd so reduce friction. 

Pipes are tested for leakage of compressed 
air by watching a sensitive gauge while the 
line is under pressure but not in use, and 
leakages are located by painting su.spectcd 
joints with soapy water, through which 
leaking air will bubble. 

Alinement. Thirdly, the alinement of 
every section of an air line is ot primary 
importance. Owing to the presence' of 
both water V2g)our and oil in compressed 
air, the former froi^j atijiosphcric humidity 
atid the latter from .the air compressor, 
air lines are akin to steam pipes and 
should be equally free from dips or traps 
in which condensate would collect^ Every 
settion of an air line should drain towards 
a drainage point : long pipe lines may 
require several of these, all located at low 
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points and fitted with a short length of 
pipe* and a tap for the removal of moisture. 
As in steam work, good practice requires 
that the air should 
flow downwards with 
’the condensate, 
rather than against it . | 


‘IRE : PETROL, OIL, 

UR. Fig. 4. Method of 
' relaying ” and draining 
compressed air pipe, with 
Irainage point and tap, J 
/here continuous fall is ^ 7 -- 
InsufTicient. ^ 

For tliis reason air pipes should have a 
continuous fall of not less than i in. in 
10 ft* in the direction of flow. Where 
structural considerations prevent this, the 
pipe must be " relayed ” and drained, 
as shown in Fig. 4. 

FiltefS. In addition to line drainage, 
many of the operations for which pneu- 
matic tools are used require the air to be 
flltered for the removal of remainii^ oil 
and moisture. Fig. 5 illustrates a suit- 
able fitting which would usually be placed 
as close as possible to the hose connexion 
points whjre, of course, the air is coolest 
and least able to contain moisture. The 
fitting illustrated operates as follows, in 
common with similar filters designed for 
horizontal pipes. • 

The arrows indicate the direction of 
flow. The velocity of air entering the 


•filter is reduced on the inlet side, and any 
oil or water in the str.eam.is precipitated 
on to the top surface of the central edne 
and drains over the edges to the 
collecting chamber below. The 
arel of the surface of the cone is 
so large that thcfc is no tendency to lift 
oil or water, as the direction of the flow 
of air is diverted vertically towards and 
into the top of 
the tubes shown. 

The air then 
passes downward 
through Ihcse 
tubes and throws 
any remaining oil 
or water through 
the perforated in- 
verted cone (which 
is so designed as 
to form a trap or 
seal), as the direc- 
tion of flow is agiftn 
changed upwards 
to the outlet. Oil 
or water, which 
arc usually in com- 
bination, are there- 
forcceparated from the air at two separate 
and distinct points in this cycle of events," 
rendering the process of elimination very 
efficient. Provision is also made for a 
drain pipe to be connected to the collecting 
chamber, which would, of course, be con- 
trolled by means of a valve or cock. 




Fig. ^ Air filler tor re- 
moval of oil and moisture 
from compressed air pipe. 
Kcu'utnn llrmhir <£■ Co., f.td. 


PIPE AND PIPE FITTINGS; (6: IRON AND STEEL PIPES 
FOR HOT WATER AND STEAM 

By L. C. C. Rayner, A.I.E.C. 

This article deals with pipes from the point of view of the Heating Engineer 
and the Hot Water Fitter. Though much of the information given applies also 
to gas pipes, the reader should refer to Pipe : (4) for specific notes about pipes 
for gas. Sections of the present contribution are : A, Pipe qualities ; B. Pipe 
fittings ; C, Joints to iron and steel pipes ; D, Fitting and fixing^ See also Pipe 
Sizing foe Hot and Cold Water Supply Services ; onde Pipework. 


Sfeel and wrought iron piping is exten- 
sively employed for heating, hot water 
supply, gas, steam, ^ndense and cold 
water supply, and occasionally for^waste 
and soil stacks dnd branches. These pipes 
are made from strips of cither wrought 
iron, or steel and consequently have a 
longitudinal seam. This may be (yther^a^ 
butt or a ■ .p joint. Tubes up to 2 in.* 
nominal bore usually have. a butt joint 
and those above this diameter a lap joint. . 


In the process of manufacture, strips of 
mild steel or wrought iron of the right 
width are made hot and pushed through 
grooved rollers. Successive rollers bring 
the •strips into the necessary cylindrical 
shape until the edges butt or overlap as 
required. Then, with the strip at welding 
heat -and a mandrel inside, the strip is 
passed through the final set of rollers, 
which force the edges together so that 
they are completely welded. 
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A. PIPE QUALITIES 

For normal plumbing and heating pur- 
poses, tubes are made in three grades : 
«. class A, which is painted brown externally ; 
class B, painted yellow; ^d class C, 
painted green. The diameters, thicknesses 
and weights of these tubes are given in 
Table I page 759, under the heading Pipe : 
(4), In all cases the bore is only nominal, 
the actual dimension never agreeing with 
it. The outside diameter for each size 
remains the same whatever the grade. As 
the wall thickness varies tfie internal 
diameter must vary accordingly for the 
rsamc nominal size. The outside diameter 
must be kept the same since the same fit- 
tings may be used with pipes of different 
quality. 

Classification under the letters A, B, C, 
is recent and replaces the old nomen- 
clature of gas, water and steam weight, 
approximately indicative of the suitability 
of a given wall thickness for any purpose. 
The new grades have thinner walls than 
the old, class Arcing so thin that it will 
not take B.S. pipe thread. 

The application of the different new 
grades was. not in 1948 standardized^ but 
it was probable that class B pipe would 
be used for most purposes inside buildings 
and class C outside. Steel piping is not 
suitable for conveying water of conden- 
sation, since it is quickly corroded. Here 
wrought iron tube may be used or, better, 
copper or cast-iron pipe. 

Finish and Protection of Pipes. 
For heating and gas work in buildings the 
piping usually has as a finish only 
the distinguishing colour men- 
tioned above. When used for hot 
or cold water supply, galvanized 
piping is most usual. This, 
again, is a regulation of a number 
of water authorities. The 
galvanizing process consists in 
making the pipe hot and dipping 
it in a bath of molten spelter 
(mostly zinc), and allowing the 
surplus to drain off. The pipe 
is cleaned chemically before 
dipping. The galvanizing should 
have a silvery lustrous uniform 
appearance and should be com- 
pletely free from white spots. 

Pipes are occasionally given a 
coating of bitumen or Dr. Angus 
Smith's solution. These finishes 


are intended for gas or cold water pipes 
to be buried in the earth. A further 
protection for such purposes is a wrapping 
of bitumenized felt. 

Although the term ** wrought iron pipe ** 
is often heard, genuine wrought iron pipe is 
seldom met with. Most piping is made 
from low grade -steel. Wrought iron is 
almost pure iron and has a tough fibrous 
nature ; it is generally more resistant to 
corrosion. ^ 

f It is more expensive than steel pipe and 
hence is normally employed only where 
corrosion is likely to be encountered. The 
conveyance of condensation is one instance; 
another is where pipe is to be buried in 
ground known to have or likely to have a 
deleterious effect on the f>ipe metal. • 

Before steel or wrought iron pipe is used 
it should be examined. Each length should 
be straight. The seam should be looked 
over, since probably the most usual 
trouble encountered is a split '*• seam. 
In the case of such defect the seam does 
not actually split but has never properly 
beenrfnade. It shows as a rule only when 
the pipe is put under test, but an examina- 
tion should reveal it before the pipe is used 
and so save a lot of unnecessary work. The 
length of pipe should also be looked 
through. 

Very often pieces of metal scale off 
inside, due to the heating and cooling 
during Rianufacture. If these are left 
they restrict the bore and probably lead 
eventually to a complete stoppage, by 
affording a lodging place for any foreign 
matter in the pipe. 



STEEL, FOR HOT WATER AND STEAM. 
Fig. 1. Wrought fittings for steam, water, -and gas!a(1) 
squara elbov#; {2)*tev; (3) round elbow; (4) flange ; (6) M 
L*** P- ; (3) socket union ; 

(7) ill niinished socket ; >8), cap ; plain socket. (For methl^ 
• %f specifying, see Pipework Chart facing page 791.) 

Crone, Ltd. ^ 
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fi. PIPE FITTINGS 

Fittings are used to join lengths or 
change direction for branches, etc. There 
are three types, known as wrought iron, 
malleable»iron and cast-iron. The last is 
seldom used with screwed joints, except 
for sprinkler work. Wrought iron fittings 
are again miscalled, being made from pig 
iron (see page 815). lliey are of welded 
construction, and a n«mber of various types ' 
available aft shown in Fig. i. Their use is 
confined mostly to steam and gas pip<j 
lines (See Pipework Chart, facing page 791, 
for method of specifying pipe fittings.) 

Malleable iron fittings are now employed 
far more than any other type. 

British Standards have been prepared 
for these fittings, one for whiteheart and 


•strengthen them, although for use with 
gas pipes they can be obtained without 
the bead. 

The threads on fittings are parallej, and 
thus, in the process of screwing up the^ 
joint, the t^er threads on the pipe can 
distort the nttings to form a tight joint. 
Malleable fittings can be obtained in a 
considerable range of types and sizps. A 
little practice is necessary to screw in the 
pipe sufficiently to make a tight joint with- 
out excessively distorting the fitting. The 
defect most likely to occur with these 
fittings is a blowhole which may be formed 
during the casting process. .Two finishes 
are obtainable, black and galvanized.* 
In the first the fittings are given a coat of 
colourless lacquer, while the second finiSh 
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the other for blackheart fittings, that is for 
the two different processes used for pro- 
ducing malleable iron. 

Malleable fittings as their name implies 
are slightly malleable and can be expanded 
or stretched. They start as hard white 
cast-iron fittings. They are put’into ovens 
with various oxides and heated to a high 
temperature for a number of days. During 
this process the oarbon in the cast-iron is 
oxidized to a -varying depth. Tht soft, 
sdmost pure iron thus formed gives these 
fittings their malleable property. The 
depth to which the change takes place will 
govern thi degree of malleability! Mdsf 
fittings have a bead round egich outlet to 


is similar to that on galvanized piping. 

A British Standard Table for pipe 
threads has been prepared, and a con- 
ddhsed form of this is here printed. Since 
the thread has ^ cefntinuous taper, a few 
threads furthest from the pipe end must 
be imperfect. The Table does not give all 
thb particulars in the British Standard 
Table (which can be had for 2/2 post fre^^ 
from the B.S.I.), but only those of most 
usedto the plumber and hot water fitter. 

C. JOINTS TO IRON AND STEEL PIPES 

Before making a joint on a job it is 
usually necessary to take measurements, 
|iiv:e the pipe runs must finish at certain 
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PIPE : IRON AND STEEL. I■lg.''2. Method of taking pipe 
measurements : A, centre to <|ontre of fittings ; B, clear distance 
between fittings. Gee text below. 


points determined by the layout of the 
installation. These measurements will 
be between fittings and/or between a 
fitting and a valve. 

Pipe Measurements. /fhe usual 
method is tp take the dimensions from 

centre to centre *’ of the fittings. This is 
shown by A in Fig. 2. From this iimen- 
si8n must be subtracted the distance 
between the centre and end of both 
fittings, giving the clear distance between 
them. This is shown by B in Fig. 2. 
Now the length of thread entering each 
fitting must be added, giving the overall 
length to which the pipe must be cut 
before it is threaded. This is usually 
known as an end-to-end " length or 
measurement. If a pipe is to be cut, 
therefore, to a given measurement, care 
must be taken to ascertain whether it is a 
pentre-to-cfenlre or end-to-end measure- 
ment that is given. 

If dimensions are being taken in, say, 
a boiler house in order that the necessary 
pipe may be cut and screwed at works, 
centre-to-centre measurements will be 
taken. These are then sketched out in the 
office and the end-to-end measurements 
calculated. These latter may then be 
passed on to the works in the form of a 
schedule giving the diameter and length 
of each pipe. 

Offsets. When an offset in a pipe 
line is required, 45 deg. elbows are often 
employed. The length of pipe between 
' will depend on the amount the pipe 


is to be set. This is given as A 
in Fig. 3. If this dimension is 
multiplied by 1-41 the length B 
is obtained. If twice the length 
of thread is added and twice 
the end-to-centre measurement ' 
of the fitting is subtracted, the 
proper end-to-end length of the 
pipe is found. To avoid multi- 
plication, the elbows may be laid on two 
parallel chalk lines the profier distance 
.apart on the floor, and the measurement 
made direct. 

Cutting the Pipe. Having measured 
off the necessary length on the pipe it 
must be cut. The normal t6ol is the 
three-wheel cutter (see Fig. 2 page 782). 
This should be placed on the pipe wi^h the 
wheels exactly on the mark which has 
been made. The handle is screwed down 
until the wheels bite into the metal, 
and then the cutter revolved round the 
pipe. It is essential that the .cutters 
be held at right angles to the pipe when 
they are screwed up. Otherwise they 
try Jp cut two grooves, and eventually 
the wheels spring from one to the other, 
losing pieces of their cutting edges in the 
process. Where space is restricted it may 
be impossible to revolve the ci^ter round 
the })ipe, and as the tool has three wheels 
it will cut a complete circle provided it is 
swung through not less than 120 deg. If 
space is*insufficient to 
allow of this, a hack 
saw may be used. 

The cutter should be 
operated until it is 
nearly through the 
metal, applying a little • 
oil to the wheels from pig. 4. Burring oif end 

time to time. When pipe after use of 
, . , three- wheel cutter, 

the cut IS nearly com Note the consequent 

plete the cutter should 
be removed and the 
piece of pipe be broken off ^by hand. This 
avoids damage to the wheels and forms the 
minimum -of burr inside the pipe. Owing 
to the action of the cutter a certain arriount 
of burring is bound J;o occur, the end of the 
pipe being as shown in Fig. 4. 

• The burr on tfie .outside of the 
pipe should be filed off and that 
inside removed with a 
reamer or file. The end 
of the pipe should then 
be carefully examinjed 
for cracks. 
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Cutting the Thread. Stocks and dies 
are used for putting a thread on the pipe. 
Two types are shown in page 933. The 
solid one (Fig. 2) has a separate set of 
dies for each *pipe size, and the cutting 
parts of the dies are comparatively wide. 
They need more effort to use than the 
adjustable ty]^e, and are selclom employed 
for pipes larger than 2 in. diameter. The 
adjustable stock die (Fife: i, page 933) 
has narrow chaser dies, requiring less 
effort for cutting the thread. The dies 
slide in and out of the body of the stock, 
their position being controlled by a scroll 
plate operated by a lever. According to 
the position of the lever the dies can be 
set for use on a given size of pipe. These 
stocks may be obtained 
with ratchet handles 
for use where space is 
limited. Geared-down 
ratchet handies are 
also used wkh the very 
large sizes, to reduce 
the Oil I't required to 
oj^erate the stock. 

I'here are many makes 
of stocks and dies on 
the market, and the 
manufactiirersi in- 
structions should be 
followed in using these 
somewhat delicate 
tools. 

Whatever the type 
of stock, there will be marks on it cor- 
responding to various size pipes. Tiie dies 
should be set accurately to the proper size 
although, if it is found that this leads to 
too tight or too loose^ a 
thread. •adjustments may 
be made. In applying 
the dies to the pipe it 
is vital that the face be 
at right angles to the pipe. 

This should be (ufsured 
by the proper use of 
guides. ..If this is not 
attended to, a crooked 
thread will result and the 
pipe will not line up wjth 
the fitting into which it 
is screwed. After the 
first two or three revolu- 
tions the dies will hold 
ihemsefves in the proper 
position and they need 
only be turried gently and 


eveilly. Machine oil should be applied 
from time to time to ease the tibour and 
keep the dies cool and in good condition. 
When a sufficient length of thread has been 
cut the ^tock and dies are run back over 
the pipe. The ^pe should be tapped to 
knock off any chips. , A fitting should be 
screwed on to judge the correctness of the 
thread. If it is a little tight the thread 
may. be gone over again with the dies set 
a little closer. 

Jointing. The pipe thread and the 
female thread inside the fitting should be 
coated lightly with a thin liquid mixture of 
boiled linseed oil and red and wlirite lead. 
Alternatively, one of the patent jointing 
compounds may be used. The male 
thread should now 
have a few strands of 
hemp wrapped round 
it in the same direction 
as the thread. The 
fitting may then be 
screwed on, care being 
taken to use just 
sufficient fcree to make 
a tight joint without 
splitting the fitting. 

In boiler hous,es and 
calorifier rooms flanged 
fittings made of cast- 
iron with integral 
flanges cast on each 
outlet may be used. 
The flanges are drilled 
for bolts to take mating flanges. A typical 
flang- * T is given in Fig. 5. The drilling is 
in acc r dance with B.S.S., the most usual 
being Table II. This applies to water 


Table II. Flanges for Pipes, Valves, and Fittings 

For Working Steam Pressures up to 50 lb. per sq. m. 
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we : (6 IRON & STEEL, FOR HEATING 


pressures up to 130 Ib. per 
sq. in, ai}d steam pres> 
sures up to 5o*lb. per sq. 
iji., meeting most require- 
ments. When using these 
fittings the pipes mujt 
havfi flanges screwed or 
welded on their ends*^! The 
flanges may be of cast or malleable iron 
or of steel. The surfaces which meet are 
faced, but’a jointing ring between them 
is necessary. The usual ring is m^de 
of corrugated brass. It is referred to as a 
** Taylor's ” ring and is 'Of such diameter 
as to fit inside the flange bolts. Before 
use the corrugations should be filled with 
jointing paste. For hot \.ater, rubber 
rings are sometimes used ; and for steam, 
rings of graphitcd asbestos. Both these 
rings are usually the full diameter of the 
flanges, with holes for bolts. 

Connectors and Unions. Flanged 
joints have the advdntage that when the 
bolts are undone a length of pipe or a 
fitting may be readily removed. When 
screwed joints are employed this is 
impossible, and means must be allowed 
for disconnecting piping if necessary after 
it is erected. Connectors and backnuts, 
or unions are used for this purpose (see 
Fig. 6). These will also be necessary 
where connexions arc made between two 
fixed points. When the connector is 
employed the socket and backnut are run 
back on the long thread. The joint at the 
other end of the connector is now made, 



PIPE : IRON AND STEEL. Fig. 6. 
Mean^ of disconnecting piping ; A, con- 
nector and backnut ; B, union, shown 
In part section 




and then the socket is 
screwed forward, and the 
joint made with hemp 
and paste on the adjoin- 
ing pipe. sA grummet of 
hemp is wrapped reJund 
the end of the socket 
adjacent to i;he backnut, 
and the latter screwed 
•forward op to it. 

When* using a union 
the two halves are screwed 
on to adjacent pieces of 
pipe and the nut used to draw them 
together. These fittings should be em- 
ployed every 40 ft. to 50 ft. on mains. 
They are also necessary at the bottoms 
of risers, and on every other flopr for drop 
pipes and risers. Used thus it will be 
possible to disconnect the piping in reason- 
able sections. A screwed joint is often 
stubborn to move after a year or two, 
but if it is heated with a blowlamp and 
banged with a hammer it should be 
possible to move it. 

• D. FITTING ANti FIXING 

Piping must be adequately supported. 
A good allowance is a bracket every 8 ft. 
for J in. pipe, and every 12 ft. for 4 in. 
pipe ; other sizes have spacings accord- 
ing to their diameter. Various types of 
clip are shown in Fig. 7. The “ School 
Board " clip is used for pipes adjacent to 
walls, and the skirting clip for pipes fixed 
to wood skirtings. The pipe rings are used 
for pipes suspended from overhead. Where 
pipes come one over 
the ot her, double and 
single rings are used, 
coupled together 
with a short piece of 
pipe. If the fixing 



■if, : B. hSaStr for *''X."L!SX“gVriJ!S Sh.'Jfk'! 
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PIPE: IRON AND 
STEEL. Figa. 8 
and 9. Methods of 
allowing for expan- 
sion and contraction : 
(8) offset in pipe — A 
varies from about 
3 ft. to 10 ft. ; (Cff 
horseshoe bend made 
of copper. 




Fig. 8 




is to concrete, a piece of 
pipe with a ragged end is 
screwed ‘into the upper 
ring. For fixing to wood, 
plates may be obtained 
with screw holes which 
are coupled to the rings 
with pipe. ' Where a number of pipes run 
side bv side and are suspended from 
overncad, the purpose-made hanger shown 
is suitable. The suspension rods would 
normally be |-in. round mild steel. The 
. horizontal rod will be governed in diameter 
by the holes through the rollers shown. 
In the pipe dticts carrying a numbe; of 
pipes special supj^orts are often necessary. 
One type suitable for large pipes is 
illustrated in Fig. 7, A. o 

When long straight lengths of hot 
water or steam pipe are fixed provision 
must be made for expansion and <^on- 
traction which takes place on heating and 
cooling. The* alteration in length will 
amount to i in. per 100 ft. for hot water 
pipes, i^nd more for steam pipes. A 



method often used to allow for this is to 
offset the pipes as shown In Fig. 8. 
The length of the offset A should vary 
from about 3 ft. for i-in. pipe to about 
10 ft. for 4-in. pipe. If the pipe must run 
in continuous *fine the horseshoe bend 
shown in Fig. 9 may be used. One of 
these expansion fittings should be fixed ^n 
approximately every 100 ft. of straight 
pip6. In order that the expansion shall 
take place at the offset or bend, the pipe 
nfust be anchored between them 50 ft, 
on each side. A suitable type of anchor is 
shown in Fig. 10. For normal pipe dia- 
meters the metal should be 
about 5 in. wide and J in. 
thick. Note that there is a 
gap of about J in. between 
the two halves, so that when 
the bolts are tightened the 




Fig. II. Swivek Joints In piping : A, connekion to boiler to 
avoid straining boiler when mains expand ; B, same Joint 
applied to connexion of a riser to a horizontal , main. * 


Fig. 10. Top and side views of anchor used between 
offsets or horseshoe bends to ensure that expansion takes 
place at iH,e place provided. The gap between top and 
bottom halves enables the anchor to grip pipe tightly 
when bolts are sciSbwed up. 
t 

pipe is securely gripped. The bolts are 
used also to secure the anchor firmly to 
the building fabric by means of brackets. 

When running piping, due provision 
should always be made for expansion — 
■ by usin/ one of the methods here shown. 
Boiler connexions should have a 
swivel joint, as shown in Fig. ii, so 
thaf when the mains expand 
they do not strain the boiler. 
•Wlien risers are taken up a high 
building* they should be offset before 
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PIPE AND P/PE FITTINGS : (7) STEEL A ND CAST IRON 

connecting to the mains. This, too, is iflus- break altogether in time. It is of the 
trated in Kg. m. Also, when a building utmost importance to consider this ques- 
is high, radiators should not have short tion of expansion when running piping, 
cdhnexions to the risers, otherwise expan- For hot water work the relieving of air, 
sion will lift them off the.floor. This will and for steam piping the . draining^ of 
nieanjeaky connexions wltich will probably condensation must also receive attention. 

RIPE AND PIPE FITTINGS: (7) MANUFACTURE IN STEEL 
& MALLEABLE CAST-IRON 

By J. W. Cowan, A.M.I.H.V.E., A.M.Inst.W. 

To conclude the series of Pipes anS Pipe Fittings articles the following notes . 
have been prepared on the manufacture of pressure-tight tubes for domestic, 

• industrial and underground pipe lines. They do not cover steel pipes used for a 

variety of other purposes. See also Pipe Bending : (2) Ripple Bending ; Pipe- 

wc>: k : (2) Iron, Steel and Copper. 

Pressure-tight steel tubes may be either the tube the required outside .diameter. 
** welded ** or " seamless *' depending on After cooling, each separate length is 

the method of manufacture. tested by internal hydraulic pressure of the 

Welded Tubes. These have longi- order of i,ooo lb. per sq. in. and mcchani- 
tudinal welded seams throughout their cally hammered while under pressure, 
lengths, and are intended for lighter duties The majority of tubes used for ordinary 

than are seamless or solid-drawn tubes, pipework services* in sizes up to 3 in. or 

The two bes| known of several methods of 4 in. nominal bore are made in this way, 
manufacture are the continuous butt weld #hc only difference between one “ quality " 
and the lap-weld processes. Both employ and another lying with the wall-thickness, 
open-hearth or bessemer steels of from 26 Lap-Weld Process. Manufacturing 
to 32* tons tensile strength, primarily difficulties usually limit this method to 

because of the ease with which these may sizes upwards of 2 in. dia. • The pipes are 

be pressure welded. formed from strips or plates of steel, but 

Continuous Butt Weld Process, in this process the metal remains in straight 
The metal arrives at the tube mill in lengths without coiling or welding together, 
square-edged coiled strips of such widths The first step is machine bevelling of 
as to make the desired sizes of pipes when both edges of the strip or plate so that a 
bent to tubular formation. The process comparatively wide lap weld is provided 
is rendered continuous by the welding when these overlap as the tube is formed, 
of the latter end of one coil to the forward The metal is then heated to»redness and, in 
end of the next. It is upon this con- sizes up to aboijt 12 in. dia., drawn 
tinuity that the great speed and low cost through a circular die. Larger pipes are 
of the process depend. made by rolling the plate to shapfc. 

As the first strip is uncoiled, its forward In small sizes this is followed by the 
end passes into flattening rolls, and thence first of two welding operations. In both 
into a long tunnel furnace from which the metal is first made white hot, and then 
the still flat strip emerges at white heat, passed over an internal mandrel, and 
It next passes in?b fuming rolls that bend between a pair of welding rolls. Hy- 
it to the shape of a tube, and then into draulic pressure between rolls and mandrel 
welding rolls of such size and shape as to makes the weld, and the turning of the 
set up an adequate welding pressure rolls drives the pipe forward along the 
between the two abutting white-hot edges mandrel bar. • The second rolls-and-man- 
of the previously open lengthwise seam., drel set is slightly* smaller than the first, 
Further pressure rolls consolidate the weld and serves, not only to consolidate the 
before the completed tube emerges from weld, but also to roll out and elongate 
the mill in a continuous length at a rate the metal to a predetermined thickness, 
of several feet per second. • Ljirge tubes are not elongated in this way. 

This is cut into lengths by a travelling and a gas flame is used to heat only the 
saw, and the still hot lengths then pass on overlapping edges to plasticity belore the 
to sizing and straightening.rolls that give welding pressure is applied. 
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The completed tube is then re-heated, 
sized and straightened, and, after cooling, 
is tested hydraulically ; this may be from 
3000 to 4000 lb. per sq. in. Lap-weld tubes 
arQ widely usCd in pipe lines, and also as 
structural and scaffolding members, and as 
mechanical rolls and rollers. 

Seamless Tubes. In •all processes 
these arc forged from a golid bar of steel. 

In one methcjjl, the push-bench process, 
a billet is heated and pierced lengthwise 
in a hydraulic press to the shape of a short 
thick- walled tube with one closed and 
slightly tapered end. A series of mandrels 
are then used to push the red-hot billet, 
closed end first, through a range of circular 
dies of progressively decreasing diameters, 
so that Hie tube is elongated backwards 
over the mandrel. Frequent re-heating and 
change of mandrel are necessary to reduce 
a 3 ft. long billet to a tube perhaps over 
40 ft. in length. 

In another, the Mannesmann process, 
a billet is hot-rolled to a rod of approxi- 
mately tlic saiue cross-sectional area as 
the metal of the tube to he made. Aftdir 
re-heat ihg, the rod joasses between two 
mutually inclined rollers that rotate in the 
same direction, and draw the rod slowly 
forward bctwAin.thein. This action also 
forms a cavity at the end of the rod by 
drawing metal away from the centre. The 
conical head of a mandrel is so placf^^i in 
front of the rolls as to meet this cavity and 
enable the rolls to draw the metal ovTr the 
mandrel in the shape of a tube. The 
dimensions of the pipe thus formed are 
determined b^ the sitting of the rolls and 
the size of the mandrei head. 

Seaiulf'ss tubes are used for high pressure 
pipe lines, and in multi-tubular boilers, and 
also in making linings of engine cjdinders. 

Screwed Pipe Fittings. These are 
normally of steel or malleable cast iron ; 
others of high-dut^ grey cast iron, bronze 
and gunmetal aie used onjy for special 
purposes. , 

Steel*Fittings. Mild steel fittings have 
for many years replaced the rlier 
puddled wrought iron fittiri^s that are now 
used only in particularly corrosive siti^- 
tions. Several mefhods of manufacture 
are employed. 

In small sizes, to about ij in. dia. pipe 
size, the best fittings are machine forged 
from solid bars, ^nd then drilled out and 
tappe? intcamally, or screwed externally. 
Short billets of metal of fully the outside 


diameter of the fitting are first heated, 
and then pressed to shape between dies, 
in a scries of hydraulically powered forging 
operations. Tecs and crosses are first 
upset aUthe centre of the billets to provide 
the necessary bulges for the branch out- 
lets. After inspection, the solid forgings 
pass to facing, drilling and screwing 
machines that automatically ensure 
accurate alinement of the outlets. 

Larger fittings, up to 4 in. dia. pipe size, 
ate usually made from strip steel in two 
halves that a^e later welded together. 
Half fittings are first punched out of hot 
flat strip, and then pressed to shape 
between dies. The halves are next 
cleaned by tumbling about in a rotating 
drum, and then each pair arc fla.sh-biitt 
welded together in an electric resistance 
welding machine. After the removal of 
the upset from the welded seams in another 
machine, the fittings are air tested at 100 
lb. per sq. in. under water, mechanically 
alined and screwed, and again air tested. 

Larger fittings and special^, reejuired in 
lesser quantities than the smaller sizes, 
are usually fabricated from tube made 
specifically for the purpose. In the case 
of a tee^ a hole is cut in the mairf piece, 
in much the seimc way as a branch joint 
would be prepared in a lead or co|)per pipe, 
and then a prepared branch piece is fitted 
over this, and tlie two joined together by 
either oxy-acetylene or electric arc weld- 
ing. The outlets arc next alined by 
maiu’i Is in a trueing machine. The 
hand-.'.ide fitting is then ready for the 
initial air test, followed by machine 
tapping and/or screwing, and final air test. 

Wrought Iron FitHngs. The.se also 
are required in comparatively small num- 
bers, and are usually hand forged. The 
profile of the complete fitting, not a half- 
fitting. is first punched from strip. This is 
then ficated and hand-forged to shape, 
after which the overlapping* edges are 
hammer welded together. The outlets are 
then trued with the aid of mandrels and 
dic-blocks, and the fitting, after the first 
air test, passes to the machine shop to be 
alined and screwed before the final air test. 

Malltable Cast Iron Fittings. These 
aie of two kinds, whiteheart and black- 
heart. For details of manufacture and an- 
^q^ling of the castings see Iron, pages 615- 
6ifir. The fittings are discussed in page 767. 

In# both processes the distortion and 
misalinement* arising from annealing are 
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then corrected, and the fittings are 
screwed and then air tested at loo lb. 
per sq. in. under water. 

’^T'his method of manufacture enables 
pitcher and sweep fittiqgs, not r usually 
available in steel, to be iftade as easily as 
the square pattern®. Malleable fittings 


are less strong than steel ones, the normal 
working pressure limits being '200* lb. for 
water, and 150 lb. for steam and air. 
Further, a malleable bend cannot be 
altered by heating, nor majf these metals 
be fusion welded, although, with care, 
bronze-welding is permissible. 


PIPE BENDING: PRINCIPLES AND METHODS 


By Parqf Manser, M.R.San.l., R.P. 

Instructor at Tottenham Polytechnic 


This article deals with pipe bending \y hand. For the use of bending machines 
see under the heading Bending Machine. The Sections are : A, Lead pipes ; 
,B, Wrought iron pipes ; C, Copper and brass tubes. See also Pipework ; and 
the specific articles of the Pipe group. 


The terms pipe and tube are used 
to describe any of those mentioned, but 
lead is usually referred to as pipe ; iron 
as pipe, barrel or tube ; steel and copi)er 
as pipe or tube and brass as tube. 

A LEAD Pin BENDING 

Lead pipe lends itself to a different 
type of njanipulation from that of 
hard metal, and the method of bending 

SoPtMeta! 

' ■ T Tf"^ "''Pi'S 

IronBarrt! Socket ^choNTHRO 

SOCHET. 

PIPE BENDING. Fig. 1. Ramrod for driving man- . 
drel through iong lengths of lead pipe. The iron barrel 
has a soft metal cap, to prevent damage to the mandrel. 

lead varies with the diameter of the pipq. 
The gauge also has an in^portant bearing 
on the bending process as thin-walled 
pipe easily buckles or flattens. In forming 
a bend on heavy gauge small diameter 
pipe there should be no difficulty, as the 
wall thickness prevents flattening. 

The mistake most frequently made 
is in trying to form a fairly sharp bend 
in one operation. If done in stages, by 
forming an easy or open bend first and 
then gradually closing it by a sfiries of 
forward and bacJwaj^d movements of the 
pipe, the radius of the bend may be 
reduced considerably without any flr;tten- 
ing of the pipe. * 

Bends in small diameter light gauge pipe 
should be formed to a larger radius, to. 
avoid flats or kinks. No special stools are 
required, and the pipe may be bent by * 
using the hand or knee as a fulcrum on 
whidi to pull the pipe round. 

The foregoing applies to pipe in colls, 
but when bends are required on ^ipes 
made or cut from a coiL to standard 


length {i.e, lo ft. or 12 ft.), or on shorter 
lengths, bobbins may be used' to assist 
in forming bends on pipes of i in. dia. and 
upwards. Steel bending springs (see 
later) are also used for pipes of i in. to 
2 in. diameter, and bending machines have 
been used for lead, pipe. 

Use of Mandrel. The first thing to 
do is to straighten out tlie length of pipe 
dn the bench and then true up the bore 
by passing a hardwood mandrel through 
the pipe, to remove any indentations. 
The mandrel should be greased a little 
with tallow, to assist its ^passage. For 
short pipes it may be driven through with 
a stout stick of wood and a hammer or 
maKet. For long lengths it can be driven 
well in with the stick and hammer, and 
completed with the aid of a ramrod of 
screwed iron barrel having a soft metal 
cap to prevent damage to the mandrel 
(see Fig. i). As the mandrel is driven 
through, the pipe should be gently 
dressed with a softwood dresser, or lead 
flapper to obtain an even surface without 
ugly marks. 

The method of bending depends on the 
size of pipe. We will deal first with the 
use of bobbins for bends on pipes of i in. 
to 2 in. diaiqeter, and assuming a square 
bend,to a given radius is required. Set out 
the bend on bench or floor, or prepare a 
wire template ot it. Mark the position of 
the throat of Bend on the pipe and, using 
a,softwood bending^tick or dresser, slightly 
flatten ^the pipe at fight angles to the 
throat knd heel, as in Fig. 2. This should 
be done carefully so that the pipe takes 


Fig. 2. Lead pipe flattened at right angles to throat 
and heel preparatory to bending. . 
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an oval shape for a distance sufficient to 
form the 'bend. The object of this 
flattening is that when the pipe is bent, the 
oval form will tend to resume its correct 
circular shaptf without undue kinking. 

t'he next step is to well heat the pipe 
along the flattened portion by using a 
blowlamp, gas jet, hot kad or other 
available means, and to apply the heat as 
evenly as possi])le so as*to avoid imeven 
patches (which result in kinks, twists or 
fiats during bending). The pulling round 
of the bend may be done by using the 
hand or knee as a fulcrum, utilizing a 
protective pad of felt or carpet against 
burning. The bend is fornied in easy 
stages by pulling each side of the throat 
first and the centre last (Fig. 3). If 
the hand is used, the worker has a better 



PIPE BBNDING. Fig. 3. Making a bend in lead pipe : 
A, straight length (x Indicates centre of proposed 
bend) ; B and C, stages during process ; D, bend 
completed. During bending, pressure is applied in 
order at points 1, 2, 3 and repeated until bend Is as 
shown at D. The upward pull is made at 4. Any 
distortion or kinking can be corrected by use of 
bobbins. See text for further explanation 

chance of “ feeling ” thrpugh the felt 
what is happening to the throat fis the 
pnlling% done. 

If a kink begins to appear, op n the 
bend slightly and, if necessary, remove 
kink by passing the bobbins through. 
If the flattening Smd heating have been 
correct the bend may be pulled up lyithout 
undue Unking, and the distortion which 
has occurred can be put right with, the 
bobbips. Much depends on the w^ 
thickness orf the pipe, but for pipes of i in. 
to in. diameter, an easy square bend 


cart be pulled up in one operation as 
described ; for 2-in. or ^-in. pipe it is 
usually necessary to make the bend in 



Fig. 4. Comparison of flattening and buckling. 
Flattening is more easily put right than buckling ; 
both are corrected with bobbins. 

e 

stages. As with smaller pipes, .it is not 
advisable to pull too sharp a bend in one 
operation. It is an easier matter to 
close a bend to make it sharper than to 
open a sharp one to make it easy. 

Use of Bobbins. This is described 
under Bobbin, but a word here will be of 
help. These tools are for trueing up a 
bend to normal dyimeter and not for 
restoring to shape bends which have been 
badly buckled. When bobbins are passed 
through a bend having de<ip kinks, the 
heel must inevitably suffer and be re- 
duced in thickness. The main point in 
bending the pipes dealt with in this 
section • is to avoid undue btlckling. 
Flattening, which is distinct from kinking 
or buckling (Fig. 4), is not quite so im- 
portant, as it is more easily put right. 

Knuckle Bends. These are of a very 
sharp type and formed near to the end of 
a pi 7)6. In pulling the bends the throat 
mus- be kinked and afterwards worked 
out \\:h a bent bolt and hammer, and 
then dressed round towards the heel of 




Fig. 6. Knuckle bend made with bent bolt and 
hamgtera The ttepe A, B, and C are repeated until 
D la obtained. For benda of thia type the method 
• la aupertor to that illuatrated by Fig. 3 


773 . 



RIPE BENDING 




PIP^ BENDING (Lead.) Fig. 6. Tools for lead pipes : (top) coil spring made of square 
section steel, for pipes 1 in. to 2 in. diameter (see p. 775) ; (centre) bending stick or 
dresser ; (bottom) mandrel ^nr trueing pipe bore (see p. 772). 

Shetack V- oi Works, Ltd. 


(see Fig. 9). If 
sharp’ one pull is 
usually sufficient 
to start the bend ; 
but* if easy, two 
or three may be 
taken, as the 
buckles formed 
need not be so 
a^ute. 

The bend should 
first be set out Or 
a template made. 
Mark the position 
on the pipe, apply 
heat evenly to the 
area of the bend- 


the bend. The curved ends of the bent 
bolt should be smooth, to avoid damage 
to the interior of the pipe. 

Many other types of sharp bends may 
be formed in this way when they are 
near enough to the end of the pipe to 
enable a bent bolt to be used. It is a 
superior method to bobbins for bends of 
this type, as the bolt enables the throat to 
be properly worked out and the surplus 
driven over to the heel (see Fig. 5, p. 773). 

Bending Stick. The choicer of a 
bending stick (Fig. 6), or dresser, varies 
with different people. Boxwood is con- 
sidered by some to be too hard, as it 
leaves marks after each blow. A well- «. 
rounded hornbeam dresser is favoured 
by many, whilst others fashion them 
from a piece of suitable tough wood 
(a piece of a putlog is very good). fi 
As a precaution against undue mark- 
ing of pipe some workers cover the 
body of the dresser with smooth felt 
or similar material. 

Larger Pipes. Bends on pipes 3 in. > 
and upwards in diameter are formed in a 
different manner froni those on smaller 


ing, test for heat by squeezing a few 
drops of water from a wet swab and 
allowing them to fall on the pipe. If 
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Dummy 


Fig. 8. Making a bend on large-diameter lead pipe : C, 
throat is worked out with dummy until tend is at desired 
angle ; D, bending pipe over bench end ; E, types of 
dummy. (See further in ^company ing text.) 


Buckled 

SJkroat 


SuhinQ 
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pipes, as the wall thickness of large* pipes 
used in domestic •pliynbing is compara- 
tively thin ; when bent, the throat caves 
in or buckles, and the sides bulge (Fi : 7, 
A and B). Tlic radius of the benH will 
detennine how the pipe must be pulled 
round to form the bend, and the amount 
of buckling which should tak» place 



Fig. 9. Amount of buckling in (A) sharp bendT and 
(B) easy bend. 


Hed 

Fig. 7. Bending large-diame^r lead pipe. A, throat 
buckles as bend is started ; B, sides bulge, and the 
bulges are dressed towards heel to thicken it. See Fig. 8. 

the heat is right, the water will sizzle 
and roll about to some extent ; but if 
too hot it will ftnmediately “ jump off. 
Lepd becomes brittte at a low tempera- 
jture ; the melting point is 617® F., so care 
should, be taken not to overheat the pipe. 
Working it when too hot may cause a 
fra(;ture, and melting can easily occur. 

The pulling round of the pipe n^ay be 
done byvsing the knee (protected by a 
pad) as a fulcrum, or by laying the pipe 
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over a padded mandrel and pushing the 
end downwards, as at D, Fig. 8. 

If the bend is near the end of pipe, a 
mandrel may be inserted to obtain more 
leverage. The bent pipe is then laid on 
each side in turn and the bulged sides 
dressed back towards the heel, this is 
followed by working out the; buckled throat 
as at C, Fig. 8. If desired the throat may 
be worked out before dressing back the 
sides, the main point being to make the 
surplus lead from the throat travel to 
make up the deficiency in the heel. After 
restoring the bore of the pipe to normal, 
another pull or pulls must be made, 
according to the bend required, and when 
complete a bobbin is passed through to 
true up the bore. The bobbin should pass 
easily ; if force is required to get it 
round, the bend is too small and should 
be oy)ened with the dummy. 

Another method of pulling round a 
bend is to«fix a mandrel vertically through 
a hole in the bench and use it as a fulcrum. 

when dumipyiiig out the tliroat (for 
information about dummies see later), tfie 
pipe should be held firmly, and to prevent 
it slii)ping towards the operator a small 
stri]) of W'H)d should be fixed to the bench 
as in C, E'ig.*8., For long lengths cf pipe 
an assistant is necessary ; but for short 
lengths use is often made of a box or 
block of wood to support the pipe Jas at 
C, Fig. 8) when working single-handed. 
Various contraptions may be fixed up to 
take the place of an assistant, but pipe 
bending of this type is in the main a 
two-handed •job. 

Setting Out Lines for a Bend. 

'I'liis iii not a difficult matter where bends 
arc required in the same plane. 'Ihe 
setting out can be done on the bench, 
floor or any suitable surface. Draw 
parallel lines equal to outside diameter 
of pipe and set^ off others at required 
angle of the bend, as in pig. lo. Draw 
the centre line C/L and line a a, .cutting 
t-hc intersection of parallel lines. Set 
off at right angles to C/L the i. hus R 
of the bend, cutting a, if, in the point O. 
With O as centre aftd R as radius, draw 
the outline of thd bend. The same rule 
applies to square or acute angle bends, the 
main difference being in the radii of them, 
which is based on the diameter. Thus, 
a bepd is refej lod to as being of a radius 
equal to so many times the diameter of 
the pipe. Where bends on one pipe are 


required in different planes and to different 
angles they must be set out separately, 
or a template prepared* from which to* 
work. (See also Setting Out.) 

Dummies. These are bulbous heads 
of solder fitted jn various ways to handles ’ 
of cane, steel or iron barrel and of lengths 
to suit the job in h*and. When they are 
required of different lengths a good pjan 
is* to have the head formed oh a screwed 
socket of iron or brass, as ‘this may be 
§xcd to a length of J-in. or i-in. barrel 
as required. Stout malacca cane handles 
are very good? as they impart “ spring,'* 
which assists the proce.ss. Thin steel rod 
§ in. or i in. diameter also forms a good 
liandle, and the end may be looped as 
shown at E, Fig. 8. These steel rods may' 
also be bent quite a lot to form a bent 
dummy when necessary. The dummy 
heads can be cast on to the rod or socket, 
or may be wiped on. Cane handled dum- 
mies usually have a tinned ferrule of 
brass or copper riveted to the cane, and 
the head is then wiped on with ordinary 
solder — not too hot. When «sing dummies 
the strokes should be short and sharp 
so as to get as smart a blow as possible 
on thc^throat without unduly striking the 
heel. The strip of wood fixeef to the 
bench at C, Fig. 8, also acts as a fulcrum 
on which to work the dummy. 

Bending Spring. This tool (Fig. 6, p. 
774 ) is a spiral spring having a loop at one 
end, and enables lead pipes to be bent 
wil!: 'Ut distortion of the bore. The pro- 
cess ; sometimes referred to as spring 
loadiiig. The spring should be greased 
with tallow and pushed into the pipe so 
as to coincide with the position of the 



are explained in text. See also Setting Out. 

T>end, which is then pulled round in the 
usyal way over the knee or by using the 
hand’ as su fulcrum. The bending wiil 
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invariably cause the spring to fit tightly ; 
to withdraw it from the pipe, a twisting or 
•screwing movement must be applied which 
reduces its diameter 
slightly and enables it 
ta be withdrawn. A 
small * lever may be Turned Ov$r 

placed through the loop pipe bendinq. 


to hand methods see also p. 781). 

Cold bending by hand is possible only on 
small diameter pipes when the bends or 
Mk are of easy radius, 

^ /Mug especially nt the pipe is 
^ of steam strength; but 

. as a rule some form of 
heat is necessary to 
obtain neat results. The 


Fig. n. AlternatJjfe 

at flip pnH fn SQcicf fhp plugging lead pipe ends for aand 

ai.ine enu 10 assist me loading. Left: end of. pipe turned over plug; , 

twisting process. As rigM, piui; secured by nails. • heating medium varies, 

with ordinary bending, it is advisable* to but a forge {which see) is geflerally used and 


heat the pipe, as it makes the work motg 
easy. 

Winch. Large diamrter bends are 
sometimes restored to shape by the winch 
method, which consists of Rawing through 
^ the pipe bobbins threaded on sto it rope or 
cable attached to a winch. The bobbins 
are graduated in size, the leader being 
small and the remainder increasing in 
diameter up to the last one, which is 
equal to the bore of pipe. The bend is 
kept hot whilst they are passing through 
and forcing out in gradual stages the 
buckles or flats formed by the bending 
process. • 

Sand Loading. Bends of an easy 
radius may be made on lead pipes by 
filling them with sand. A tight-fitting 
wood plug should be driven into one end 
and secured by nailing or by dressing 
over the end of the pipe, as in Fig. ii. 
The pipe is then stood on end and filled 
with fine dry sand, which must be packed 
as tightly as possible. Another wood plug' 
is driven into the top end and secured. 
Heat is applied evenly to the area where 
the bend is to be formed, and the bending 
is done in easy stages. If a fairly short 
length of pipe of small diameter, bending 
can be done by pulling the ends round, 
when the heated portion will give to 
form the bend ; but for larger pipes 
pressure must be exerted on as large an 
area of the throat side as possible, whilst 
the ends are pulle^ round. Buckles or 
excessive flattening skould be avoided, 
but the sides will no doubt bulge ; these 
should be carefully dressed back, usjiig a 
large flat-faced dresser and a felt. If 
buckles show signs of appearing they 
must be carefully dressed back from each 
• side before proceeding to completed bend. 

B. BENDING MILD STEEL PIPES 

Mild steel pipes may be bent by hand 
or by machine. Since machine bending 
is dealt with in the article on ^end- 
Machine, this section is limited 
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is a necessary item where a large number 
of bends and sets are required on pipes of 
different sizes. For small jobs and repair 
work, where perhaps a few bends or sets 
are required on pipes up to ij in. in 
diameter, a plumber's furnace (see under 
Blowlamp) is a useful asset, being easily 
handled and transported. These furnaces 
are usually fitted with an asbestos-lined 
baffle plate which deflects the flame on to 
the top side of the pipe whilst it is being 
heated. Wliere an oxy-acetylene welding 
plant is in use ttie blowpipe is often 
employed as a heating medium for making 
b^nds, and in .this con- 
nexion a multiple jet con- 
sisting of several nipples 
on one head was intro- 
duced a few years ago. It 
is sometimes necessary to* 
spring a pipe in order to Fig. 12. Bending 
bring it into alinement 
with 'another, and this is 
one of many jobs where 
the blowpipe can be used to heat the pipe 
in situ and enable it to be bent and 
brought into line without disconnexion 
and removal. Care must be taken to pro- 
tect roofwork, etc., ffom flame of blowpipe. 

The next item required is a vice \which 
see), and this can be of the .staple or 
engineer's type. Bending blocks or 
formers (Fig. 12) are useful for hot or cold 


Heavy Iron, Mate 
'Anchored hConcref 


^y..^^eIron 


* r 

J I I Fig. 13. Bending table 
_ . . • for wrought-lron pipei. 

Top of table eoneiete of heavy Iron plati with holee 
to take fulcrum pint. 
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bending, and bench or bending-table pins 
are used quite a lot, especially for pipes 
of l^ge diameter. The bending table 
consists of an iron block in which are a 
number of hdles. Iron pins are placed 
into the holes in the positions required 
and thus act as a fulcrum on which to 
lever the pipe round to form the bend 
(see Fig. 13). They are suitable for use in 
large works for. jnany pui^oses other than 
pipe bending. 

•A variation of this appliance can be 
made for use on any job by welding two 
or three pins of i-in. round iron to a 
piece of |-in. or J-in. plate and fixing it to 



a solid bench, ^is Figs. 14 and 15. In using 
the pins care must be t^ken that the heated 
portioq of pipe does not press against them, 
or a dent will result. 

Bending Methods. The pattern should 
be set out as in the case of lead, or a 
template of the bends prepared. The 
position of the centre of the bend is 
marked in chalk and the pipe heated for a 
distance each side of the mark, according 
to the Tiype of bend to be made. * For a 
sharp bend the heat will be short . d for 
an easy bend a long htat is required. 

With sharp bends k may be necessary to 
cool the pipe if the heat is too long,* as 
it is sometimes difficult to obtain a heaf 
of the correct length. Whilst the heating 
is in progress the pipe should be turned 
round gradualK for even heating, ’and 
must*not pe allowed to bum (to become 
more than red hot). If the bending is to 


be tlone in a vice two methods may be 
used : 

• * 

1. Tlie jaws of the vice must be in good con- 
dition. The pipe is gripped beyond the heat and 
either pulled upwards or pushed downwards^in 
a line with the jaws. The pull is sustained until 
the sides of the beitd show signs of bulging. It'is 
then removed and replaced in the vice\t the 
bend and the bulged sfHes squeezed back. If 
still hot enough this is repeated if necessary, 
or i:he pipe is further heated until- the bend* is 
complete. 

2. Gripping the pipe in the vice beyond the 
heat and pulling the end round at an angle with 
the vice. The bulging and squeezing back ate 
carried out the same as in method i . 

Loading. For pipes which require 
loading, sand is a useful material and 
easily obtained. It should be fine and 
thoroughly dry before placing it in a pipe ; 
if damp the subsequent heating of the 
pipe will cause steam to generate with 
possibly dangerous results. One end of 
pipe is plugged and the pipe is stood up 
on that end. Sand is poured in at the top 
end, and to ensure 1 :ight packing the })ipe 
is tapped with a piece of wood whilst 
filling is in progress. The tm end is then 
* ightly plugged. The position of the bend 

5 marked, the pipe made red hot as 

equired, and the bend formed as already 
describid. Bulging is less likely tj:) occur 
with a loaded pipe, but it is possible ; 
if it occurs, treat as before described. 

Plugging the Ends. The method used 
depends on whether the pipe ends are 
plain or threaded. If plain, well-fitting 
wood plugs driven well in. will answ^er. 
If tf’i 'aded, an ordinary socket and plug 
or a ’ ap will answer for the lower end. 
The top end may be closed by loosely 
screwing on a socket (a taper socket, if 
possible) and then pouring in hot lead. 

When cool, screw up the socket tight. It 
may be necessary just to caulk the lead 
to tighten up the shrinkage. If the length 
is sho»*t, as it usually is in examination 
tests, •the top .socket should be an ordinary 
straight one and the lead filling be kept 
low enough for anolther piece of barrel to 
be screwed on so that the job can be 
handled with comfort and efficiency 
(see Fig. 16, page 778). 

Position of Seam. Wherever possible 
the seapi of iron pipe should be at the side 
of the bend, but, of course, this cannot be 
the case when two or more bends are made 
in different planes, as in Fig. 15. 

*. Galvanized Barrel. When making 
bei^s.on galvanized pipe the zinc coating 
should be removed, as soon as it melts, 
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1 / 


Lengihtnmff Piece 
Screwed m Handtight 
if Required 


■^Lead Stop Poured tn 
on Top of Sand. 

r-- Socket 

^Sand Filling 


Bottom End 

PIPE BENDING. Fig. 16. Part section of wrought 
iron pipe, showing lead plug on top of sand loading. 
Lengthening piece is seen screwed on. 

by means of a stiff wire brush or scraper. 
Failure to do this may result in the pipe 
fracturing at the bend as the zinc alloys 
with the iron and renders the pipe 
brittle. Pipos have been known to break 
in two when the zinc coating has not been 
removed. 

C. BENDING COPPER AND ERASE TUBE 

The bending of tube by machine is 
described under the heading Bending 
Machine, where typical machines arc 
illustrated and described. 

Loading the Tube. The bending 
of copper tube without the aid of a 
machine may be done in a variety of ways, 
according to the gauge of tube and the 
type of bend. In most cases it will be 
necessary to load the tube — i.e. fill it with 
sand, lead, pitch or rosin — although 
heavy gauge small bore tube can be bent 
to a fairly small radius without loading. 
Copper tube can be obtained either 
“ hard or " annealed,” but the light 


Edge oP Tube 
turned oirer 


gauge tube used for domestic plumbing is 
usually sent out half hard so* that bends 
may be formed without difficulty. 

Copper becomes tough and hardens with 
working, and re-annealing fe. often neces- 
sary when making bends by hand. 

If the tubing is hard it should be 
annealed before attempting to bend it. 
Annealing consists of heating it to a cherry 
red, and then alliJwing it to cool gradually, 
or cooling by quenching in clean cold water. 

Filling. The main point is to make 
sure this is compact, for if incomplete 
(containing “ fissures ” or ** breaks **) 
trouble will arise as soon as bending is 
commenced.. This is especially the case 
with lead, pitch or 
rosin, although sand 
filling will cause 
trouble if not properly 
packed. 

Sand. Should be 
fine, clean and ^ry. 

Wood plugs may be 
used to confine the 
^nd in the tube, but 
lead plugs are more 
effective. Cast a short 
plug in a piece of the 
tube to be bent, push 
the plug into the end 
of tube and secure it 
by ^.losing over the 
tube end with a 
straight- or cross- 
paned hammer in two 
or three places, ac- 
cording to size of 
tube ; stand tube on end, fill with sand to 
within an inch or two of top, pour, in hot 
lead to form another plug and secure as 
described. The method is shown in Fig. 17. 
A useful outfit for bending sand-loaded 



tubes is the ” Enpee ’ 



Swaging 

Tool 


Lead 

Clamps 


foxwood 'Swaging 


Mallet 


Fig. 18. "Enpee” band compressor for bending light gauge copper tubes, 
pressor, having 2-in. diam. holder or spindle,fls ased for pipes 2 if:, to. 3* in. in 
Larger diam. pipes can be bwt If larger holder is substituted. See texi 
7. B. Freeman. * 
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The corn- 
diameter. 


sand compressor 
(Fig. 18). This 
is designed to 
avoid filling 
the • V h o 1 e 
length of tube. 
Sufficient sand 
to • form the 
bend is held 
in position 
between steel 
disks attached 
to r o djs in 
turn secured to 
the tube ends. 
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As the bending is in progress the sand 
is com| 5 ressed by operating screw tlireads 
on the rods, which impart pressure to the 
disks and avoid any possibility of a loose 


condition in the sand filling. This is 
shown by Fig. i8 in the oppe^ite page. 

Lead Filling. Can be done by first 
plugging* one end of tube with wood ; or 
standing the tube in about an inch of 
sand ; or plugging the end with a wad of 
cloth or brown paper. The tube should 
be well warmed and lead poured in very 
hot (not red hot) in as continuous a stream 
as possible. If a paifsc is made in the 
pouring, keep t,hc lead at top in a molten 
condition so that the nc^t pouring will 
unite to form a solid mass from end to end. 

Pockets or butts must be avoided. It will 
greatly assist if heat is applied to the tube 
during the ftllirig process. Lead-lv.aded 
tubes can be bent almost immediately 
filling is complete if desired, but the hands 
must be protected against burns. Lead- 
filled pipes should be annealed beforefiand, 
but heat may be applied during bending 
(not sufficient to melt the lead). 

Pitch and Rosin. Poured in a similar 
manner to lead, but as a rule a funnel 
is used to assist in the pouring. Obviously 
such pipes must be annealed beforehand, 
and after filling must cool and “ set " 
before bending is commenced. 

When removing lead, pitch and rosin 
filling, the heating should be commenced 
at the end of pipe ; when melting occurs 
apply the heat gradually along the pipe 
or bend in such a way that*the filling does 
not suddenly issue like a rod, br the 
operator may get injured by splc hes of 
hot material. • 

The removal of 3^nd filling needs no 
description, but in all types of loacHng 
care must be taken to see that the interiors 
of pipes are well cleaned after they have 
been emptied, and all traces of the filling 
medium remov d. • 

Spfing fading. This is suitable tor 
pipes up to 2 in. dia. and consists of 
inserting qi steel spring in a similar manner 


to 'that described for lead pipes (see 
Section A). The tube shojiild be annealed 
along the distance required for the bend 
before inserting the spring. These springs 
are provided with handles fitted 
with i left-hand screw, which 
can be replaced with aif iron 
eyelet so that a rod can be 
attached for passing, the spring 
into a length of pipe to form a 
bend near the centre. By turn- 
ing the rod (to impart a screwing 
motion) the spring is reduced 
slightfy in diameter and can 
thus be withdrawn. 

Hand Bending of Loaded Tubes. 

This may be achieved in various ways. 
The chief point to remember is that 
copper (although classed in plumbers’ 
work as a “ hard metal ”) is easily 
damaged and must be protected during 
the bending process. Lead vice clams, 
plain and shaped •to fit the pipes (s^jc 
F ig. 19), lead sheathed bending eyes and 
collars should be used ; and when neces- 
sary sheet lead “ pads ” ]dflced between 
the tube and iron levers, fnlcrums, etc. 
Spring-loaded tubes may be bent round 
the kiK^, or one end held in a vice, clamp, 
or pulled round on a circular wooden 
former. 

Lead-loaded tubes can be treated 
similarly, or bent in a wood block as Fig. 
20. The bending block (see Fig. 12) is a 
useful asset, but tlie pipe must be protected 
from '>eing damaged by the eye bolt. A 
thick pad of lead should be placed in 
between, but if a large eye bolt is fitted 
a radiused block of lead or hardwood can 
be inserted. 

A simple but inexpensive and useful 
outfit for forming bends is shown in Fig. 21. 
A few circular pieces of wood, preferably 
hardwood, and an eye bolt sheathed witn 
lead will enable bends of different radius 
to be made without difficulty, on pipes up 
to ij in. diameter.* One or two formers 



fig. 20. Woo^ bending block for hand bending lead- 
loaded copper tubes. 



loaded copper tubes. 
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Iron 
Barrel 


(as diown at G) may be made 
if desired from," hards/' and 
' will be found useful for bends 
of« small radius. The wood 
blocks can be hollowed to 
resemble a former, but it i& not 
absoliltely necessary. ^ If tube is 
to be bent whilst hot they can 
be^ sheathed with sheet copper 
to prevent scorching, and the 
bench can be protected with a 
sheet of iron or asbestos. Owing 
to the softness of copper there 
is a tendency for it to bend, 
as shown* by dotted lines at A, 
due to the leverage. To prevent 
this a length of iron barrel 
should be slipped over the tube 
and as close up to block as 
possible. The inside edge of 
the barrel should be filed down 
and a piece of sheet lead in- 
serted to prevent damage to the 'copper 
tube, as at B. The use of the iron barrel 
is also necessary when the copper is short 
and leverage •is required. 

As sand-loaded tubes can be made red 
hot they are best bent by securing them 
in vice, clamps and, after healing at 
the point of the bend, pulling round 



PIPE BENDING. Fig. 21. Outfit for copper tube bending, showing 
lead or hardwood formers on bench. To prevent the tube bending 
In wrong direction, as shown by dotted lines at (A), an Iron barrel is 
slipped over the tube (C) after a lead pad (B) has first been Inserted. 
Wood or lead formers (D) may be used for bends of small radius. 
E, F, collars ; Q, metal former. 

Rippling. In the hand bending of 
copper tute, it is fSund that ripples often 
appear in the throats of. bends. These 
must not be allbwed to become too pro- 
nounced, or difficulty will be experienced 
in removing them. If they happen to be 
rather too deep the bend should be 
opened a little before working them back. 



in a horizontal direction in gradual stages. 

In all hand bending operations much 
depends on the size of tube, type of filing, 
nature of bend and tl^e tools and equip- 
ment available. If a large amount of 
bending is to be carried out, special 
apparatus can be made up ; but im- 
provised methods often have to be adopted 
where only one or two bends are required 
— such as that shown in Fig. 22, in which 
bends of 45 deg. were made in three 
pieces of ij-in. tube. The tubes were, 
loaded with builder's sand, and the ben^ 
formed with the aid of two pieces of gas 
barrel. Heat was applied by mean^ o( an 
ordinary blowlamp. 


Hardwood mallets, rounded dressers, 
ball- and flat-faced planishing hammers 
and swages are used for the purpose. The 
ripples are gradually worked back towards 
the sides or throat as found necessary. 
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Final cleaning up is done with the hammers 
•mentioned ][Fig. 23), which have smooth, 
highly polished faces ; and by draw filing, 
rubbing with emery cloth and, if required, 
buffing with •tripoli paste and polishing. 
The buffing and polisliing is not usually 
akin to the plumber's job, being more 
within the province of tl^^ coppersmith 
or the brass finisher. 

Brass Tubing. Thit is not used in 
plumbing work to the same extent as 
copper. It is of two kinds, solid drawn 
(seamless) and brazed scam. The small- 
diameter tube, as used for gas fires, etc., 
is usually solid drawn and supplied ready 
annealed, so that bends or s^ts may easily 
be made. In many instances it is also 
polished •or plated. Hard tube must be 
annealed for bending. 

Brass is an alloy of copper and zinc and 


needs careful heating ; at black heat it 
becomes brittle, and if overheated will 
“ burn " and destroy the zinc content. • 
A faint red heat is sufficient for annealing, 
and cooling must be gradual ; sudefen 
cooling* by qu<»nching with cold water 
renders the metal hard and brittle. •When 
annealing brazed tubmg, overheating must 
be avoided, or the brazing material may 
be, melted. Small diameter tubes can be 
bent unloaded to medium radii by manipu- 
Igjition with the hands ; or if preferred, by 
the use of a wood bending block similar 
to Fig. 20 ; but* if sharp bends are required 
the tubes should be loaded. • Pitch or 
rosin are good loading materials for either 
small or large tubes, and bending may , 
be achieved by the methods described for 
copper tubes (with the exception that 
brass is bent cold). 


PIPE BENDING: RIPPLE PIPE BENDING OF STEEL PIPES 

* J. W. Cowan, A.M.I.H.V.E. , A.M.Inst.W. 


The npplc bending of steel pipes of 3 in. 
dia. and upwards has much to commendit, 
both as shop and site practice. The advan- 
tages of this method are : 

(1) The total avoidance of heel-stretch 
by tlie taking-ug of the whole of the heel- 
throat difference in length in ripples 
formed in the throat of the bend. 

(2) The ease and speed with which 
comparatively large unloaded pipe? may 
be bent accurately with an easily-made 
bending frame, a chain block, and a void- 
ing blowpipe, without the heavy equipment 
of other mctiiods. 

(3) The unusual flexibility of such bends 
due to the unstretcheS heel, and the rippled 
throaf. These provide a measure of 
“ spring ” and “ give ” under expansive 
movement often absent from smooth bends 
whether forge or machine made, because 
of a thinned and tautened heel, and a 
thickened and uifyielding throat. 

These bends, sometinles known as 
creased bends, and also, but inaccurately, 
as corrugated and wrinkled bends, an be 
made in a variety of single md double curves. 

Factory .methods Are not easily applied 
at site, but a -simple bending frame 
(B'ig. i) should be sufficient for pipes up 
to 9 in. dia- The frame may be of welded^ 
construction for greater rigidity, but a 
bolted assembly, admitting of easy lZT* 
dism*antling and transport is preferable. 

The frame in Figs 5 and 6 Is designed 


for pipes up to 6 in. dia., and is built as 
follows. 

A 10 ft. length of 8 in. X3| in. rolled steel 
channel is slotted through the web about 
4 ft. from one end to pass one flange of 
each of the two 6 ft. high 2 in. x 2 in. X J in. 
angle uprights. The angle flanges pass 
down the insides of the channel flanges, and 
are bolted through as seen in Fig. 6. The 
sloping struts, also of 2 in. X2 in. xj in. 
angle, are bolted to the uprights, and also 
pass ’ le inner flanges through the channel 
web, . it without bolting as the struts are 
in compression in use. The heads of the 
uprights arc spanned by a J in. dia. bolt, 
crossbar C, Fig. i, fitted with a sleeve of 
I in. dia. steel pipe to provide a swinging 
attachment for the i-ton chain block u.sed 
for bending. The clamps should be heavy. 


^ Cress 



PIPE BENDING. RIPPLE. Wig. 1. Diagi 
ini^coliitruction of frame for ^ple bending of tteel 
pipes. • " 


Fig. 1. Diagram show- 
^ple be 
See o/so Rg. 6. 
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at least 3 in.xf in., and of welded con- 
struction to ensure close fitting, but not be 
. deep enougli to bear on the channel web. 

heavier frame would be necessary for 
larger pipes. The channel should be about 
3. in. wider than the out^de diarneter for 
ease df clamping, say 12 in. wide channel 
for 9 in. dia. pipe. 'f\ie angles also would 
be. correspondingly stronger, perhaps 
2iin. X2^ in. X -ts § in. 

First, decide the number and the posi- 
tions of the ripples, and mark these oti 
the pipe. The normal turn per ripple is 
from 10° to 15® ; only in the case of an 
easy bend of a few well-spaced ripples in 
a small pipe would it be prudent to 
exceed 15“. 

The positions and spacing of the ripples 
are governed by the size of the bend, t,e. 
by the centre-line radius, and the length 
of the heel. 

Assumirifif a 3-in. dia. xga*" x 3d x^)-ripple 
bend, and referrinpf to Fig* 2, it will be seen that 
the centre-line radiu.s is 9 in. (3d— 3 X3 in. dia. 
=9 in,), and that the heel radius is loj in. 
(9 in. + ij in. in.). From the known pro- 

perties of tlie circle it follows that the length 
of the curved heel AB viill be 1.57 times the 
length of the heel radius. It is within this heel 



PIPE BENDING. RIPPLE. Fig. 2. A GO** bend show- 
ing centre-line and heel radii. Fig 3. Layout of ripple 
marks within heel length. Fig. -4. Angie nlgecfor 
use with ripple bending frame shown in Fig. 1. 
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length of 16.8775 in. (lof. X 1.57) that the ripples 
are marked as in Fig. 3. The spacing is cjilculated 
by dividing the heel length by the number of 
ripples, thus, 16.8775 in. -^6 = 2. 81 in., say 2} Jin. 

The accuracy of diagrign A would 
seldom be necessary, and the* approxima- 
tions of diagram B would normally be 
sufficient. Ripple centres should not be 
closer than 2 "in. because of the concen- 
tration of heat, ^d the likelihood of the 
metal between two ripplf.s sinking into 
the bore during bending. The seam of a 
welded pipe should be kept clear of the 
rippling. 

After marking, the pipe is clamped into 
the frame with marks uppermost, the 
first within S in. of the nearer clamp, and 
the lifting hook of the chain bjock (or, 
preferably, a hook plate as at E in lug. i) 
is attached to the free end of the pipe, and 
the slack of the chain taken up. 

Apply heat to the first ripple mark by a 
neutral oxy-acctylege welding flftme. A tip 
that burns full}^ 50 cub. ft. of acetylene/hr. 
should be used for a J in. tjiick pipe wall, 
twice that reqiTired for welding, but a 
smaller tip may be used at first, and the 
size increased with practice. Heat is 
applied to two-thirds of the pipe circum- 
ference, and it is important* that this be 
confined to a narrow band about i in. 
wide having the ripple mark as its centre- 
line. ^When a cherry-rednoss in this band 
extends fully half-way round tlje pipe the 
blowpipe is temporarily removed, and 
bending commenced by an assistant pull- 
ing on the running loop of the chain. This 
should produce a slight upward bulge 
centred on the ripply mark. Wlieri this is 
seen, further heat is applied, not iv.)W to 
the top of the ripple, but to the pipe wall 
on both .sides of the rising bulge. 

It is important after the first heating 
to confine the flame to the roots of the 
ripple, to avoid closure; and flattening, 
and to ensure that the red-hot metal rising 
from the pipe wall will carry the bl^ck-hot 
first bulge upwards in an easy-flowing 
sweep of metal. 

Bending is continuod b3r either alternate 
dr, ‘with practice^ simultaneous heating 
and bending till the required degree of 
turn h£ts been made. This should be 
checked as bending proceeds, by placing 
'a carefully set hinged steel rule, or 
an angle gauge as Fig. 4, between* the 
channel and the rising pipe. 



PIPE benping: ripple 



PIPE BENDING. RIPPLE. Fig. S. 
A bend of d0° on a 4 m. diameter 
steel pipe in the frame shown in 
Fig. 1, page 781. Fig. 6 (right). 
A close up view of the bend clearly 
showing the ripples. 

1‘huto. J W Couan 


form temperature in the pipes than 
would be the case if lonj.^ coils of piping 
were used, when the lemperature of 
the steam or water towards the end of the 
coil would be almost useless. 

The finned or^gilled tube batteries arc 
used in air heaters for plenum systefns of 
heating and ventilatilig, in systems of air 
conditioning, and also in the vajious tyfV's 
of unit heaters and air conditioning upits. 

Gilled tubes for air heaters* are usually 
ngade of i-in. diametcT tubing, with jilaiii, 
tapered, or crimped gills. They arc made 
in copper or n!ild steel. Sometimes the 
tubes are formed oval in shape so that air 
How will not be restricted and tlie grc'alest 
possible surface will be in 



contact. 

Wlien air is passing at 
1,000 feet per minute through 
a heat('r thus constructed 
the heat transmission is 


On comi)letion of one ' about tliree times that of a 

ripple a fileand'or a sfratch battery placed in ordinary 

brusti ohuuld hi. used to |pr ^ still air.- -Louis J. Overton, 

remove the black scale ‘of h **' M.I.lLV.Iu * 

the healing before com- ' See Air Conditioning; 

mencing the next rippl(\ Ventilation, 

hendins i. tficn continiiod ripple by p|PE»CUTTER. ('utters are UFcd for 
rijiple as in I»ig.^ 5 and b. all sizes of cast-iron, mild steel and wi ought 

It is diflicult to bend beyond 45° with in>n pjpj.s_ 'ppe niajority are of tlie wheel 
tlie lifting cluun running directl\' from t\pe and may be .single-wheel or multi- 
block to pi[)e-end. hor closer an^les^it is whecd, depentling chielly upon pipe sizt'. 
usual to jiass the chain lound a second Ixdt Another type removes a stiip of metal in 
between the uprights, and to take it fiom the s.imc way as a lathe parting-tool ; and 
there to the piiie-end. This, shown as a thi pattern (for steel pipes only) em- 
ciossbdi T) in big. i, is seen at the to]) of piovs oxy-acetylene eiitting equipment, 
the photograjSi (I-ig. 5), in which the angle j],,. single-wheel cutter (Fig. i) has two 
of the bend has not y«t justified its use. bioad rollers in the head which assist 


PIP^-COIL HEATER. Coils of 
piping through which steam or hot water 
is passed have been much used for warm- 
ing air, which is blown or drawn over them 
by a fan. The coils arc enclosc'd in a sheet 
metal casing and* arranged so that air 
f)assing tlirough the heatet chamber is 
bathed find brought into contact wfth the 
hot pipes. 

The term “ coil ” now 


alincment of the hardened and tempen‘d 
tool-steel cutting wlu'el, and also roll down 
the burr wdiich would otlierwisc bc' thrown 
up on the outside of the pipe. This very 
useful^ tool is limited to jiositions when' 
the cutter can be turned completely round 
the j)ipe — as at a 

Where tliat is impossible, a three-wheel 
cutter as drown in Fig 2. would be nec(*s- 
sary. As cuts arc made by each of the 


scarcel} applies* to* the 
modern air heater, which 
is built up in sections as 
batteries of gilled pipes 
ranged* between steam or 
flow ^headers, and con- 
dense or return headers. 
This gives a higher uni- 



PIPE CUTTER. Fig 1.* Single-wheel pipe cutter ; use limited to positions 
where. cutter can be turned completely round pipe. It has rollers to assist 
*almement of cutting wheel. 

. Waiwo^h, Lid, 
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PJPE CUTTER. Fig. 2. ** Ba^et *' pattern 3-wheel pipe 
cutter e suitable for positfone wnere cutter cannot be turned 
complexly round pipe. 

Ideal Boilere and Badlatore, Ltd. 

three wheels, this tool need only be turfed 
through one-third of a complete revolution 
to make a complete cut. ^ 

Action and Use. The action of the 
usual wheel cutter is tlfat of shearing 
rather than cutting, and it is necessary to 
oil the wheels, the wheel pins, and the track 
made by the wheels during c [-reration, in 


are also used. In view of the possi- 
bility of failure to remove this burr, 
experienced engineers frequently insist 
upon a hacksaw being used to cut 
small tubes. Wide-thlrgat screwing 
dies are sometimes able to start over 
the outside burr, but solid dies almost 
invariablj; require that this also be 
reamered or filed off. 

In an endeavifur to eliminate the burrs 
made by smooth-edge ciftting wheels, a 
knurled or saw-toothed wheel has been 
devised. The action of the rotating teeth 
is to cut off innumerable small pieces of 
metal, so that the cut is clean and square 
and altogether free from burrs (Fig. 3) 

Fig. 4 shows another pattern of cutter 



Fig. 3. Comparison of cuts made by smooth-edge and saw-tooth pipe cutter wheels. 


order to prevent wear on the wheel pins designed to cut steel pipfls without leaving 
and the pin sockets in the body of the. a burr. The tool is self-centring and self- 
cutter. Wear due to lack of oil will throw feeding. Springs are used to press cutters 
the wheels out of alinement and, with the agaiflst the pipe so that they remove a 
three- wheel pattern, will cause the wheels narrow ribbon of metal as the tool is 
to cut a double track and screw the revolved, the action being similar to 



Fig. 4. " Beaver " pattern pipe cutter designed to cut steel 
pipes without leaving a burr. Use limited to bench work. 
Ideal Boilere and Badiatore, Ltd. 


• 

cutter along the pjpe. Failure to oil the 
wheel track* will cause overheating and 
broken or untempered and blunted wheds. 

Both patterns normally leave a heavy 
burr inside the pipe, and the three-wheel 
type also throws up an outside burr. Hie 
removal of the internal burr is ver% impor- 
tant, particularly in the case of small 
pipes in which the bore restriction may 
approximate 50 per cent of the JuU bore* 
of the tube. Fluted and other ream^fs 
are made for this purpose {see Pipe 
Reamer), and round and half-round ^es 


that of a lathe parting-tool. These are 
available in all sizes to 4 in. diameter 
but, like the single-wheel cutter, their 
application is liftiited to bench work. 

Single-wheel cutters are u&d for 
pipes up to 2 in. diameter ; the three- 
wheel pattern are made for pipes up 
to' 12 in., but rarely used for sizes 
above 6 in. 



Fig. 5. • Jones " pettern multi-wheel chain-type 
pipe cutter for large-diameter pipes. Especially suit- 
able for work in confined spaces. 

• donee d Attwood. Ltd 

Tools, for Large Pipes. Fig. 5 'shows 
a multi-wheel cutter suitable for all sizes 
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PIPE CUTTER. Fig. 6 . " Armstrong " pattern cutter 
for light gauge copper tubes. The tool is fitted with 
reamer for removal of internal burr. 


and commonly jised for pipes of upwards 
of 3 in. diameter? The number of wheels 
reduces handle movement to a minimum 
and makes it particularly suitable for 
work in confined spaces, as in trenches 
and pipe ducts, etc. The 6-whcel cutter 
illustrated is intended for 4-in. pipes. The 
removal of one link and ulieel 


PIPE DRILL Used to cut a hole 
through the wall of a main pipe when a 
connexion has to be madd wifhout the 
use of a tee or other branch fitting. 

Small connexions are normally made to* 
undergroulid cast-iron gas and water, 
mains by drilling and tapping a hole 
through the wall of llie pipe to receive 
the male thread of the branch pipe or 
ferrule, as the case may be. Cast-iron 
pipes* designed for low pressure ‘hot water 
heating work often have heavy flat 
pads” or bo.sses cast integrally with the 
pipe at intervals.* The.se are intended to 
be drilled and tapped as required for con- 
nexion to radiators. The pipe wall is not 


would reduce it to the 3-in. size, and 
additional links and wheels up to a 
total of 10 would increase its capac- 
ity to 8 in. diameter. Larger cutters 
of the same pattern but with longer 
links may have up to 14 wheels to 
cut pipes of 24 in. diamelcr. 

With pxception of Fig. 4, the 
cutters illustrated so far haye been 
equally suitable for steel or cast-iron 
pipe. 

Cutter for L.G. Copper Tube. 

Fig. 6 shows a small single-wheel 
cutter designed *for*light gauge cop- 
per tube, and fitted with a reamer 
for the removal of the internal 
burr ; the two rollers in the head 
prevent a burr rising on the outside. 
Because of the liglitness of the cut, 
this tool may be used without a vice. 

Oxy-Acetyl^ne Cutting. Oxy- 
•acetylene cutting blowpipes are also 
used to cut steel pipCs and, the 
action l)«ing largely chemical, this 
method is very much quicker than 
any of the wholly mechanical cut- 
ting tools. Oxygen cutting-machines 
have been designed for work for 
which- hand cuttinj:«would not be 
sufficiently accurate. Fig. 7. illus- 



trates a portable oxy-acetylene tube •Fig. 7. Oxy-acetylene portable tube-cuttiPR machine for steel 
cutting mkhine suitable for steel “p """" 

tubes of any wall thickness up to 

2 in. It is made in several sizes for a sufficiently thick to allow adequate depth 


variety of pip*e diameters and is entirely 
hand operated. In a’ddition to the, frame 
and gearing, etc., it consists of a cutting 
head connected to cylinders of oxygen and 
dissolved acetylene by the two rubber 
tubes on the top left of the illustration. 
— J. W. Cowan, A.M.LH,V,E. 


of tapping. 

Fig. I ^p. 784) shows (a) an ordinary 
spear-head flat drill, and (h) a square shank 
twist drill, both for drilling main pipes. 
Instead of actual diameter size, they may be 
marked with the nominal bore size of pipe 
for which the drilled hole will be suitable. 
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TABLE 1.— Drilling Sizes For Holes In Meins 


Nominal •bore.of branch pipe 

1 

i 

Size of drill to suit B.S.P. tap 

ti 

t’. 


B 



i 


ft 


2 

in. 


in. 


Table i gives the dialling sisfes of holes 
which have to be tapped to suit screwed 
mild steel or wrou^ht-iron pipes from i in. 
•to 2 in. diameter inclusive. 

Fig. 2 illustrates a combined /drill, 
reamer and tap, which is much to be 
preferred to a plain flat or twist drill. Jlot 
only does it save time, but when the hole 




PIPE DRILL. Fig. 1. Common drills 
for ratchet bracei, used, to drill main 
pipes ! A, spear- head flat drill ; B, 
square shank twist drill. 

5 . Tytaek S Son, Ltd. 


has been drilled the drill 
portion of the tool acts as a 
guide for the reamer and tap, 
and ensures an easy start and 
a perfectly square tapping. 

Small holes to suit j in. and 
i in. pipes can be drilled by 
hand by the use of a breast 
drill (sgtf Drill), but larger holes 
necessitate the use of a drilling 
pillar (Fig. 3), the base of 
which would fit under the 
main pipe, or a drilling stand, 
as seen in Fig. 3, p. 175 under 
the heading Brace. (A ratchet 
brace also is shown in Fig. 2 
in the same page.) Behind the 
spring plate a pawl engages the 
teeth of the ratchet and enables 
the handle to Ain^ the lower 
portion of the brace, the under- 
side of which is provided with 
a square recess for receiving 
the head of the drill. The tool 
illustrated operates in only one 
direction (clockwise, for right- < 
hand threads) ; some are made 
to turn in both directions and 
others, for heavy work, are so* 
arranged that both strokes of 
the handle will turn, the drill 
forward. 
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Fig. 2. Combined drill, reamqr, and tap. The 
drill portion acts at guide to reamer and tap. 

A. fytaek S Aoa. Ltd 

Water Main Units. Branch 

R connexions can now be made to 
water mains without need to shut 
^ down the supply. This is 

^ possible by \he use of 
- A drilling units in which 
the operations of drilling, 
reamering, tapping and 
connecting a stopcock 
rferrule are done within a 
, small watertight casing 

clamped to the main 
pipe. 

Pipe Saddles. The 

walls of mild steel and 
wrought iron pipes are 
Fig. 3 . Drilling not usuatly thick enough 
hoiM. Th. b22 to admit of tapping un- 
fiti undqr the less, perhaps, for an i-in. 

main pipe. . ^ 

8.tytackd5ofi.LM. branch connexion. For 

larger branches, for which 
a tee would be com- 
paratively expensive (as 
for a J-in. branch to a 
. - 6-in. mam), a plain hole 

would be drilled and the 
connexion would be made 
by oxy-acetylene weld- 
use of a pipe 
( 1 ^ saddle (see Fig. 4). In 

each case the boss is 
alregidy taper-tapped for 
^ I the requir^ branch size, 

fitting ttced only 

(I I be clamped 'over • the 

previously drilled hole. 
A * Pig- 4.(«) is designed for 
g&s and water mains from 
jffiT ' ^ li ih. to 3 in. diameter ; 

(6) for the same pipes 
from 4 in. to 0 in. 
oile iron laddies diameter, and fc) is in- 

SpUT'A'iSd s tended for steafa pipes 

c. of sizes from a in. to 

. 6 in. inclusive. 




Fig. Malleable iron saddles 
for branches from mild steal or 
wrought iron pipes : A and B. 
• fof, gas and water mains; C. 
for steam pipes. * 

AMott Birk$ & Co^ ltd: . 
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PIPE DRILL. Fig. 5. Corrugated metallic waaher used 
to ensure sound Joint betweerFpipe and saddle. 

To ensure sound joint between pipe 
and saddle, a corrugated soft-metal washer 
consisting largely of lead (Fig. 5) is 
necessary. The projections are bent 
round the edge of the saddle during fixing 
and, as the joint is tightened, the corruga- 
tions sink into any irregularities of the 
pipe and ensure a permanently sound 
connexion. — J, W. Cowan, A.MJ.H,V.E, 


suitable for pipes from | in. to 2 in. diameter. 
In Fig. 3 is illustrated a spiral fluted internal 
reamer with tommy-bar, intended for pipes 
from J in. to 2 in. diameter. These blades 
are also made with straight flutes and, as. 
may be‘seen from Fig. 4, both patterns are 
available with square bit-pattern thanks 
for use with a brcaSt brace. 



Fig. 2. ** Hall " pattern plain triangular burring 

reamer with steel blade and tommy-bar, for pipes 
I in. to 2 in. in diameter. ^ 

Walworth, Ltd. 


See Brace ; Drill. 

PIPE OPENER. Tool for making a hole 
in a lead pipe, as for the insertion of a 
branch. It resembles the 
carpenter^s gimlet, consist- 
ing ''f a steel boring bit the 
shank of which is inserted 
through a hardwood cross- 
handle and riveted over a 
burr. The tool is provided 
with a screwed nose to make 
entry into thfe p^e, but then 
tapers out quickly to form 
a hollow conical cutting 
portion which acts like a 
reamer in enlarging the entry hole. 
Joints: (i) Wiped Joints. 

PIPE REAMER. Tool designed to 
remove either the in.side or outside burr 
left on screwed 
tubes by a smooth- 
edge #wheel - type 
pipe cutter, as 
shown in Fig. i. 

The burrs are 
somewhat ex- 
aggerated in th^ 
diagram but, in a 
small diameter 
pipe, fore restric- 
tion frequently 
approaches 50 per 
cent, of the full 
bore of the tube. ' 

Fig. 2 shows a 
plain triangular 
interifal burring 
rean^r with tem- 
pered steel blade 
and tommy-bar, 



PIPE REAMER. Fig. 1. Pipe ends 
before and offer reaming : (left) 
burred ; (right) clean-cut after 
use of reamers. 


See 


The " Hall ** reamer, Fig. 2, is the 
least costly of these tools and is less easily 
damaged by rough handling than the 
others : but for quickness and 
ease of working the fluted 
reamer in a brace is to be pre- 
ferred. Hollov^ifluted reamers 
(Fig. 6) designed to remove 
the outside burr are also 
made but are not used to any 
great extent in Britam. They 
undoubtedly remove the burr 
better than a file, but adjust- 
able die stocks and wide- 
throat screwing dies fre- 
quently enable a thread to be started 
without removing the outside burr. — J. 
W. Cowan, A.MJ.H,V.E. 

Sec Pipe Cutter. 







Flat. 8. 4, B and 6. Pipe reamers ^!M(3){|plral-fluted internal reamer with tommy-bar, 
for pipes i In. to 2 In. in diameter; (4). »). Internal reamers having straight and spiral 
flutes res;^ctively and square-taper shanks ; (6 Wluted reamer for removing outside burr. 
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PIPE SIZING: (1) FOR* HOT AND COLD WATER 

SUPPLY SERVICES 

By W E. Fretwell. F.R.San.l., P.P.I.H.V.E.. M.I.Mech.E. 

Explaining the fundamental principles of pipe sizing, and giving formulae on w^lch 
practical work is basetl, with a Chart facing p. 791. (A Chart prepared on a different 
basis is given ugder Water : (4) facing p. 1 128.) The article is based on a paper read 
before the Institute of Plumbers and reprinted in the Journal of the Institution 
of Heating and Ventilating Engineers. 'J For the physical laws here referred to see 
Hydraulics ; Pressure ; Steam ; Water. See also Heating ; HSt Water Supply. 


The object ot this section is to endeavour* 
to explain in simple language some of the 
more important physical laws controlling 
the flow of water through pipes and the 
effect of such laws on the outfl'^w. 

Pressure Head. Where wa.,cr flows 
through pipes the energy produoing 
motion is expressed in terms of pressure 
head of water or its equivalent. The 
pressure head is the vertical distance 
between the free level of water ip the 
supply cistern and the centre of the 
orifice from which it flows. 

Velocity qf Efflux. The velocity 
of efflux, i.e. that velocity at which a 
fluid particle leaves the orifice of the 
system, can never exceed that acquired 
by a body falling in vacuo thrdligh a 
height equal to the pressure head. 

Equation No. I. 

v^=2gh 

This well-known equation gives the velocity 
where 

i;= velocity in feet per second, 
acceleration due to gravity. 

A = lhe height in feet through which the 
bodv falls. 


In order to simplify calculations the value oi g 
is taken in this case as 32 instead of the more 
correct figure of 32*2 feet per second 

Equation No. 2. 

By taking the square root of each side of 
Equation No. i^w'e obta in : — 

= J2 X32 xh 

« 8^r 

V = Hjh 

Equation No. 2 gives the theoretical velocity 
in feet per second acquired by a falling body as 
eight times the square root of the height in feet 
through which it falls. • 

By transposition we obtain 

Squaring both sides of this equation gives 

from which is obtained • 

Equation No. 3. 


where Nv — hvnd in feet required to produce a 
velocity of V feet per second. 

Example. Suppose the velocity of efflux to be 
8 ft. per second, according to Equation No. 3 




The head Hv in feet 
required to produce a 
velocity of 8 ft. per 
second is therefore 


= I foot. 


82 ^ 64 

64 04 

Pressure Drop 
Through System. 

Tihe system shown 
by Fig. I will serve 
to explain the con- 
ditions obtaining 
when water flows 
through, the dis- 
charge pipe. The 
water level A in the 
system is presumed 
to romain constant. 
The vertical distance 
or head between 
the water level 


PIPE SIZING : (I) FOR WATER SERVICES 


and the centre of the outlet orifice is lO ft. 

The* gauge tubes lettered B, C, and D 
are supposed inserted into the side ot the 
pipe. These gauges register what is called 
the static bead or bursting pressure on the 
system. Imagine water to outflow with a 
uniform velocity over the orifice of 8 ft. 
per second. The theoretical height 
through which a body must fall from rest 
to acquire a velocity of^ ft. per second is, 
as already determined, i ft. The velocity 
head Hy, shown on the outlet end of the 
pipe is. therefore, i ft. 

The friction head encountered by water 
flowing over the surface of the pipe itself 
is herein denoted by the symbol hn, h{2 
etc., where the sufiix j, g, etc., represents 
the appropriate section of piping. The 
total or sum of the friction heads is repre- 
sented by the .symbol Hf. 

The symbol, hri, Ar2. etc., represents the 
resistance to flow of water occasioned by 
a sudden -cliange in tlie direction of flow. 
The suflix i. g, etc., ^presents the appro- 
piiatc change of direction. 

The sum o/ these resistances is repre- 
sented by the symbol II , . 

Equation No. 4 . 

//= Hv + Ht. 

Equation •No. 4 represents in jffect a 
balance sheet in which II represents the 
capital invested and Hy + Ilf + Hr the 
expenditure. The importance of under- 
standing this fundamental law canTiot be 
too strongly stressed. The following ex- 
planation shows how the pressure head is 
consumed when water outflows from the 
system (Fig»i). 

1. The resistance to the flow ot water entering 
the pipe at the cistern fcsults in a pressure drop 
indicated by the head Arj, 

This drop in pressure is indicated by the 
difference in height between the surlace water 
level A and the top of the sloping hue where it 
joins the ci.stern. 

2. The friction of the pipe “ section i " 
between the cistern and the gauge lettered B 
produces a pressure ^rop An. 

3. The. friction of the ptpe “ section 2 ' 
betwcqp the l^auges D and C produces a pressure 
drop Af2. 

4. The friction of the pipe " seci* *1 3 ’* is 

indicated by Ars. • 

5. The resistances of the two bends between the 
pipe section^ numberefl 3 and 4 is indicate by 
Ar2. 

6. The friction of the pipe " section 4 ” 'is 
indicated by the drop in pressure hu on the 
gauge D. 

7. The friction of the pipe between the gauge D» 
and the end 01 the pipe is indicated iSy the 
pres^re drop Afs 

8. The head required to produce the velocity 
of .efflux is indicated by Hi. 


’The total pressure drop of the system 
shown in Fig. i is as follows > 

(a) Head consumed by triction ot pipes 

=Hf = ht\ -(-Af2+ Af:f -|-Af4 +Af5. 

(b) Head consumed by resistances 

^ ==/fr =Arl-|-Ar.- 

{c) Head due velocity ol elflux==Hf . 

Whence -f /ir- 

In the system (Fig. i) a head (Hy) ot 
L ft. is required to produce- a velocity ot 
efflux of 8 ft. per second. The total head 
(H) is 10 ft. Deducting the recjuired 
•velocity head ot i ft. gives 9 ft., and this 
represents th^sum of the frictional losses 
of the pipes and the resistances due to 
sudden changes ot direction, etc. 

Whenever water flows through a pipe 
sy.stem it always conlorms to the equation^ 

• H = Hy + //, -h Hr 

Pipe Discharge Formulae. From 
what has already been said it is clear 
that ^he flow of water through pipes is 
controlled by physical laws and not by 
formulae. Pipe discharge formulae are 
at best an attempt to ev^uate the fric- 
tional resistance to flow of water of varying 
temperatures and velocities of flow througli 
pipes of different si'/es and having, in most 
cases, fin unknown frictional surface effect 
on the flow. 

It is obvious lliat unless, in a [)ipe 
discharge formula, the values of certain 
factors are changed or new ones intro- 
duced, the calculated discharge cannot 
he true for smooth lead or copper pipes 
ar for commercial mild steel screwed 
tuLiiig. Apart from the relative smooth- 
ness of the pipe surface, the bore ol lead 
and copper pipes more nearly conforms 
to the nominal diameter than does mild 
steel screwed tubing, in which the external 
diameter is, for a given size of tube, more 
or less constant for tubes of gas, water 
ana^ steam qualities. In addition more 
fittings are usually employed on screwed 
mild steel tubing IjiaiT for lead and copper 
pipes. 

No two formulae for pipe discharge 
give* the same result, and it is doubtful 
whether, in practice, the calculated dis- 
charge ever exactly agrees with that 
actua'My obtained. 

The object of employing a pipe dis- 
charge formula should be to ensure that 
Jthe pipe system is large enough to provide 
the desired outflow of water without 
employing unnecessarily large diameter 
.pipes. 
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*Box* Formula. In this section the 
well-known formjiila of Thos. Box for the 
Hischarge by long pipes is employed 
because of its simplicity of application, 
and not because it is claimed tljat the 
results are more accuraX.e than those 
obtained by other foripulae of later date. 

The formula is expressed as : 


Equation 5. 



Where G ^gallons per minute. 

diameter in inches. 
//=head in feet. ^ 

L=> length of pipe in yards. 


Other derived equations are : 


Equation 6 . 

// = 

G*x L 

Equation 7 . 

'( 3 df' 

, 

L = 

(3<i)‘ X ff 

G> 

Equation 8 . 




Table No. I^(p. 789). This was calcu- 
lated by the author, and is based on 
equation No. 5 ; it may be usefully em- 
ployed for pipe discharge calculations. It 
should be noted that Box's formula, from 
which the table is calculated, gives the 
discharge from long pipes. If used for 
short pipes and heads of less than i ft. or 
thereabouts, the table gives results in 
excess of those obtained in practice. 

Column I of Table I gives the Ljll 
value and is obtained by dividing the 
length of pipe by the head. The discharge 
is given in gallons per minute (g.p.m.). 

For a pipe 40 ft. long and a head of 5 ft., the 
LIH value is 40 —5=8. 

For an Z./// value 8, Table I gives the discharge 
from a i-in. diameter pipe as 9*5 gallons per 
minute. 

Example /. — Calculate the head required to 
discharge 36 g.p.m. from a 2-in. pipe 72 ft. long. 

For a 2-in. pipe carrying 36 g.p.m. Table I 
gives an L/H value of^8. 

Dividing the length of 7% ft. by the LjH value 
of 18 gives 72-7-18=4. 

The required head is 4 ft. 

Example 2. — Calculate the length of* i-in. 
dia. pipe to discharge ii g.p.m. with a head of 
5 ft. 

For a discharge of ii g.p.m. from a i-in. pipe 
the table gives’ an LjH value of 6. 

' Multipl3ring the LJH value of 6 by the bead of 
5 ft. gives 30. 

The length of pipe is therefore 30 ft. 

General Rules for Pipes. • Box's 
formula purports to give the discharge 
by long pipes in which the head requis^ 
to produce velocity of efflux ^ compara- 


tively small and is, in consequence, 
ignored. Where Box's formula is em- 
ployed, the following general laws for pipe 
discharge obtain. 

Varying the Diameter. According to 
the " Box " formula, the relative dis- 
charging power of pipes varies as the 
square root of the 5th power of the 
diameters. The following table gives the 
relative dischargifig power •of pipes, in 
which a i-in. diameter pipe is taken as 
unity. 


Diameter 
i in. . 

i in. . 

i in. . 

I in. . 

I in. 

I I in. 
Example. 


Diameter 


0*03 

0*09 

o*i8 

0*49 

1*00 

175 


I* 

in. 

. . . . 276 

2 

in. 

. . . . 5-66 


in. 

. . . . 9-88 

3 

in. 

.. .. 15-59 

4 

in. 

. . ^. . 32*00 


*. — A ij-in. diameter pipe is calculated 
to discharge 15 g.p.m. What would be the dis- 
charge if the diameter is increased to i ( in. ? 

Answer = 15 x = 24 gallons approximately . 

Conversely, a ij-in. diameter pipe is calculated 
to discharge 24 g.p.m.f what would be the dis- 
charge if the diameter is reduced to ij in. ? 

^nswer =24 x = 15 gallons. 


Varying the Pressure Head. Where the 
diameter and length of pipe remain con- 
stant, the discharge varies as the square 
root of the head. t " 


. Example. — Suppose that for a head of 4 ft. 
the discharge from a given pipe is 10 g.p.m. If 
for the same diameter and length of pipe, the 
head i#increased to 16 ft,, the discharge would be 

Where 

Gj=discharge under new condition of head 
in g.p.m. ' 

G =discharge under original condition of 
head in g.p.m. • 
h j =the new head in feet. 
h =the original head in feet. 

Applied to the example^ this gives : 

Gj =10 X ^ /l6 
4 

= 10 X \^4 
= 10x2 • • 

»20 g.p.m. 

Wheie for a given diameter tlje LjH 
value is constant, the discharge* is un- 
altered. 

Example. — For a*ij^-in. diafneter pipe, 40 ft. 
4ongj^ head 10 ft., the iJfH value is ao-~io=4, 
for which Table I gives a discharge of 37 g.p.m. 

• For a pipe 100 ft. long, head 25 ft., the LjH 
value is 100-^25=4, for which the table gives a 
, discharge of 37 g.p.m., as in the previous example. 
• Varying the Length. Where the diaaneter 
and head remain the same, anc^ the 
length only is altered, the discharge varies 
as the square r got of the length. 
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TABLE I. Determining Discharge of Water in Gallons per Minute 

According to the Formula of Thomas Box 
Compiled by W. E. Fretwell, F.RSan.l., M.LMech.E., P.F.I.H.V.E. 




















PIPE SIZING : II) FOR WATER SERVICES 


TABLE II— Diameter of Pipe 


Diameter of pipe in ins. 


Equivalent length in ft. for one resistance 


Expmple , — Suppose that fcr a given head the 
discharge from given p^pe, i6 ft. long, is lo g.p.m. 

If the length of pipe is increased to 64 ft., the 
head and diameter remaining the same as before, 
fhe discharge would be 

Where • 

G|= discharge under new condition in g.p.m. 

G ==discharge under original condition in 
g.p.m. 

L, =thc new length in feet. 

L =the original length in feet. 

Applied to the example, this givey : 

G, =io X 

\ 64 

=10 X Ji 
=■10 X i 

5 K 

If these examples are checked with 
Table I, they will be«found to agrtic. 

Resistance of Pipe Fittings. Every 
fitting, valve or connexion causing a 
change in tlie direction of flow tends to 
set up turbulence and to resist the flow 
of water. The more abrupt the change 
of direction, the greater the resistance. 

A bend having a radius of not less than 
five times the diameter, and without con-, 
striction of the bore, is generally assumed 
to offer no more resistance than a pipe 
of the same length. 

The resistance of fittings, valves and 
other obstructions is in this section in- 
dicated by the letter r. The resistance 
to flow of water through 
pipe-fittings, valves, and IL' \ £/hotomi 

other obstructions, is 
generally referred to in ^ \Shortae 

terms of the resistance of 

a square elbow, the resist- 

ance of which is taken as i. ^ \ 

The actual re.sistance to Li 
flow through fittings is 
more or less indetermmate. ^ 

The resistance ratios for ^ = 
Common ly used pipe- 
fittings, etc., are shown in ICZ ZHT 
Fig. 2. These ratios are 
rather higher than those 
commonly employed so as ^ 

to allow for incrustation. 

The resistance of pipe n^ 3 -n c 

fittings is frequently ex- 
pressed in terms of the 
equivalent length of pipe of ®*^iHowan& 



the same diameter offering the same resjis- 
tance to the flow of water. For the purpose 
of this seetKm, the equivalent length of 
straight pipe iq- feet for a unit resistance, 
y = I may be taken as shown in Table II. 

Example . — Calculate in terms of straight 
piping the resistance to the flow of water through 
two 2-in, elbows and one 2-in. globe valve. 

Referring to Fig. 2 the resistance ratio (r) for 
an elbow is i and that of a globe valve is 4. 

The total of the resistance ratios is therefore 

(2)I.T)-f(l X4)=6. 

The equivalent length of pipe in feet 
for one resistance on a 2-in. pipe is 6*o, 
as shown in Table II. The length of 
straight piping equivalent in resistance to 
two 2-in. elbows and one 2-in. globe valve 
is therefore 6 x 6*o = 36 ft. ' 

The discharge from a pipe is influenced 
by the arrangement of the pipe system. 
•In Fig. 3 the butflow end of pipe A rises 
above the dotted sloping line. Assuming 
pipes A and B to be fully charged witli 
water, the level of that in the gauge 
tube G cannot fall beldw the top of 
pipe A. 

The head of water above pipe A is 2 ft. 
Pipe A is assumed to be 20 ft. long and 
pipe B 18 ft. long. With the arrange- 
ment shown in Fig. 3, it is necessary first 
to calculate the required diameter for 
pipe A having a head of 2 ft. for the 


Short SenefmO’S 


t on^ Senef^O-^ 


Tee^o-^ 

H 

St^e~o.ar 

Tee^ 

/tectucmc 2 
S/jes"/»o 




Q/o 6 e l/a/i/e 

_1 


^ • * £ireb0n€t/^‘ 

- 0 2s / f ^ 

/^aefiotar 'f 






Conneerton 
to Ci'shom, 
Boftex • 
/tadtaibr^ 
m/b." 3^0 


PIPE Fig. 2. ReBistance ratios for commonly used pipe fittings, 

allowance being made for Incrustation (see text above). 
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Ojpe/t venty 


-N: 


ng.3! 

I 

I 

I 

I 

I 

I- 


>6 


left 


€Oft- 


\ 


ng.4 


20 ft 




\ 




20ft- 


— A 

PIPE SIZING FOR WATER SERVICES. Figs. 3 and 4, ettcct on pipe 
tiischarge of arrangement of pipe system: (left) In. diam. horizontal pipe and 
1 in. drop pipe required for 20 g.p.m. discharge; (right) 1 iif. diam. pipe required 
for same discharge. 

appropriate discharge. Pipe A is 20 feet 
long and the head availably is 2 ft. The 
LjH value is, therefore, 2C^ -f- 2 = 10. 

For an Ljll value of 10 and an assumed 
discharge of 20 g.p.m., a ij-in. diameter 
f)ipe is required. 

Pipe B is 18 feet long, and the head 
available is 18 ft., the LfH value being 
18 -f- 18 = I. For an Ljll value of i and 
a flow of* 20 g.p.m. a i-in. diameter pipe 
is ’•en Hired. In the*arrangemcnt shown 
in Fig. j, a drop pipe i-in. diameter will 
carry the whole of th» water delivesed 
by the ij-in. horizontal pipe. 

Fig. 4 shows an alternative pipe system 
in which the wholq is below the dotted 


line. Where this occurs 
the length of the pi*pes 
may be added together. * 
In Fig. 4 the combiqcd 
length of the pipes A . 
and B is 38 ft. For a 
38 ft. long and a 
head of 20 ft., the LUl 
value is i-g. For .an 
LIH value of 1*9, 
Table I gives the dis- 
charge from a i-in. 
diameter pipe as 
between I9'i*and 20-16 g.pjn. With 
the alternative arrangement shown in 

Fig. 4, a i-iii. diameter pipe will just 
about meet the required discharge of 

20 g.p.m. 

Chart. For examples giving the prac- 
tical application of pipe swing principles 
see the Chart facing page 790. 

In conclusion, it may be once again 
emphasized that the fundamental principle 
involved in " pipe sizing ” is that the 
pipes must be of such a diameter as to 
ensure that the calculaited frictional 
resistance of the system does not exceed 
the available head for the required outflow 
of wat^r. 


PIPE SIZING: (2) FOR GAS 

By J. W. Cowan. A.M.I.H.V.E. 

Explaining the principles of pipe sizing for gas, and the correct use of formulae. 
A Table derived from Lacey’s formula is printed in page 368 ; another is here 
given for sizing service pipes, pressure drop being O' I in. w.g. See Estimating: 
(4) for Gas Fitter’s WorV Gas Fitting 


In practice, the determination of the 
sizes of gas pipes for specific duties has 
been reduced to tWe use of tables and 
charfs built upon the results of experi- 
mental investigation into this branch of 
hydraulics ; but the correct use of these 
summarized values necessitates an under- 
standing of the basic formulae' fronj 
which the tabuksted quantities have been 
derived. One of the earliest ?)f these 
is Pole's formula, according to which : 

Q = I35o^/-SL sL 

• 

when Q =» (Quantity of gas discharged in cu. ft. 

per houi^ , 

H » Total frictional loss ol pressure in 
inches water gauge. • 

D 8 Diameter of pipe in inches.* 

S ■» Specific gravity (Sp.G.) of gas rela- . 

tivf to air.. • 

L ■■ Gross length of pipe in yds. fhclud- 
ing ” dqui valent length ** addi- 
tions. for fittings. • 


Assuming a specific gravity of 0*5 and 
a permissible friction loss of 0-3 in w.g., 
it may be calculated that 60 ft. (20 yards) 
of 2-in. pipe would pass 1,323 cu. ft. of gas 
per hour, and that this would be increa.sed' 
to 1,707 cu. ft. for a pressure loss of 0-5 in. 
Most of the earlier pipe sizing tables for 
gas jvere derived from such calculations. 

Later investigation led Mr. Stephen 
Lacey to give spefiial*con.sideration to the 
cocflicieni of friction and to the actual 
rather than the nominal bore sizes of 
pipes ; modern tables iind charts are nor- 
mally based upon the results of his work. 

Table I, page 368, has been derived 
from ^Lacey's formula (Trans. Inst. Gas 
Engrs., 1923), according to which : 

•. . ; Q— 

when /A Coefficient of friction, L a Gross 
lefigUl in feet, and* other values are as above. 
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TABLE I.— Table of Diicliarfe for Straight Horizontal Pipei 

With 0*1 in, differential pressure for gas of density 0*5 relative to*air, 
(Cu, ft, per hour,) 

By S. Lacey, B.Sc. 


Size of pipe 





Length of Pit)e in Feet 

• 



. 

in inches < 

(nominal bore) 

10 

20 

30 

40 

50 

60 

70 

80 

00 

100 

160 

200 

250 

800 



3 

*4 

7 





t 



• 







33 

18 

12 














72 

a 

38 

29 

23 












130 

70 

60 

52 

47 

40 

• 



• 




1 


24 » 

*»65 

130 

no 

98 

89 

81 

75 

71 


1 

96 



It 

— 

340 

270 

2’5 

210 

IQO 

170 

x6o 

150 

X40 

xxo 



— 

53a 

420 

360 

320 

290 

260 

240 

230 

2 J 5 

170 

250 

130 

113 

2 




« 

890 

770 

680 

620 

1630 

520 

490 

460 

370 

310 

280 

250 

:i 


— 

— 

— 

2240 

19R0J 

x8oo 

1510 

1420 

1340 

1070 

900 

795 

7x0 


■r 


The M (or 
“ iftu ") value is 
•a variable some*- 
what beyond the 
, scope of these 
notes, but if 
0*0079 is taken 
as the coefficient 
for, 3-in. pi^e and 
a 0'3 in. pressure 
drop, the ‘cal- 
culated result 
will be found to 
agree clpsely 
with the ttabulated values. The earlier 
formula gives somewhat higher r^^sults by 
, reason of the omission of the friction 
figure: viz., 3,645 cu. ft. per hour^for 
60 ft. of 3-in. pipe and 0-3 in. w.g., 
against the tabulated figure of 3,365 
cu. ft. 

It is difficult to give a list of friction 
coefficients to enable Lacej^'s fornHila to 
be used for calculations beyond the scope 
of the Table on page 368 because tlie 
values are ejftremely variable, being a 
function of 

when Density, D = Diameter, 

Velocity, and Coefficient of viscosity. 

Table I (above), will be, found of 
assistance in sizing service pipes, across 
which the usual pressure drop is only o.i 
in. w.g. 


It should be noted that the standard 
figure of o*^ specific gravity has been 
adopted throughout these calculations, 
and in the table on page 368. The volume 
of gas discharged varies inversely as the 
square root of the specific gravity for the 
same pressure loss, and the tabulated 
quantities of both, tables would be subject 
to correction as under for gas of specific 
gravity of other thAi 0-5, vide Table II. 


Tat,ulated discharge x ~ table II 

TABLE II. — Calorific Value and Specific 
Gravity of Coal Gas. 


c.v. 

• 

Jip.G. 

350 


o'6o 

400 


0*58 

500 


050 

560 


043 


PIPEWORK: (1) WATER PIPES IN LEAD 

By E. J. Tillier, A.R.San.1.. R.P. 

In this article the protection and fixing of lead piping are dealt wigh. Modern 
fixing methods are described and illustrated. See also Frost ; Lagging ; and for 
the manufacture, weights and description of lead pipes see Pipe : (I) Lead. For 
the jointing of lead pipes see Joints : (I) Wiped Joints to Lead Pipes. An article 
on Pipework in Iron, Steel and Copper follows the present one. 


One of the chief advantages in the use 
of lead pipes* in building work is the fact 
that, during installation, relatively long 
lengths can be used, resulting in a rqduc- 
tion of the number of joints. In addition, 
the ease with which lead piping can be 
bent to conform to any change in 
direction saves time and labour *^when 
compared with pipes made of metals hav- 
ing less malleability. As lead pipe is 
insufficiently rigid to support itselfin any 
appreciable length, one of the most ini- 
portant points to consider when instkUlhg 


this pioe is the fixing methods lor 
horizontal and vertical runs. • Unfor- 
tunately this did not receive sufficient 
attention in the past, and resulted in 
numerous failures in installations, not 
because of the inferior ^quality ot the metal, 
but* due to lack of adequate support, 
which* resulted in •undue stress and con- 
sequent -fracture. Modem fixing methods 
are the result of the experience gained 
*throuigh these past failures, and a properly 
supported and protected lead piping 
installatiOn<has an almost indefiilite life. 
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t'o"* at least \ 
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A 
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^ Point at which -r — t 
Freezing wilt occur 







~aFe tevei 
Correct methoL 

PIPEWORK : WATER PIPES IN LEAD. Figs. 1 and 2. Frost 
protection for pipe at entry to house : (1) pipe safely laid below level to 
which ground is likely to freeze ; (2^ rising pipe. subjecUio freezing. 



r» i— 1 

^ '*1 Incorrect method 

• 


A. PROTECTION OF PIPING 

Pipes in Trenches. Service piping 
in trenches requires protection from the 
action of certain soils which are liable to 
cause external corrosion. One of the most 
deleterious of these is " made 
up ground containing waste 
matter and ashes, and a lead 
pipe buried in this soil has a 
comparatively short life. In 
good practice a bitumefl lined 
trench is made for the pipe 
or pipes, and is covered with 
tiles, stone slabs, or hardwood. 

Another method (which is 
cheaper where cost lias to be 
considered), is»to ram the bot- 
tom of the trench so as to make 
a solid bed, the pipe being 
bound with canvas, and after- 
wards coated with bitumen. 

In clay and other soils a 
bed and covering of sand is 
usually sufficient to protect 
the pipe, both from chemical 
action and from movement due to the 
varying moisture confent of the ground. 

Wi^e pipes have to negotiate concrete 
roads and paths, it is preferable if possible 
to run underneath the concrete bed, to 
allow free movement of the pipe. This is 
important where there is considerable 
vibration. ’ In casts where 
this method cannot be 
adopted it is advisable to 
torm a conduit of earthen- 
ware pipes ; this,, i^ 
addition tq 'allowing free 
movement, facilitp.tes the 
withdrawal of the pfj^e 
should this be necessary. 

It is bad practice to 
lay unprotected leald pipes 
in concrete or cement 
screeds. At least a pro- 


of 


tective covering of thick 
building paper or felt should 
be provided. * 

Frost Protection. It is 
necessary to excavate pip*e 
trepches of sufficient depth 
to prevent freezing in severe 
weathef ; 2 ft. is normally 
considefed to afford pro- 
tection, but a number' of 
water supply undertakings 
insist on a depth of 2 ft. 
6 in. In cases where the 
iDuilding are shallow, 



Rising main anri r.<:tern 
protected tiom frost : pii> and 
cistern installed against iide 
wall adjacent to chimn •/. 


footings 

common mistake sometimes made is for 
the pipe to ri.se from a depth of from 2 
ft. to 2 ft. 6 in. to enter the external wall 
a inches below ground level. This 
is done, no doubt, to save 
cutting through the extra 
thickness of the footings ; but 
can be avoided by inserting 
an earthenware pipe at the 
desired depth during building 
operations, and so forming a 
conduit through which the 
lead pipe can afterwards be 
threaded when the internal 
services are commenced. See 
Figs. I and 2 . 

The rising main entering 
the building should be taken 
to a suitable internal wall 
before rising to the storage 
tank situated in the roof 
space ; this lessens consider- 
ably the risk of freezing. 
A good arrangement is shown 
3» where the pipe is on a wall 
warmed by a flue. Where open eaves 
allow cold currents of air to enter 

Fig. 4. Rising main and cistern 
liable to freeze owing to position 
against outside wall and near eaves. 


Fiua 


Fig. 5. Most vulnerable 
where draughts strike bend 
* under eaves. 


IA5 reproduetia by courleny of Lead induetnee 
i/evriopmrnt Counril 
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WEW OrK : (1) WATER PIPES I N LEAD 


the. roof space, and service pipes are ftxed 
ofi external walls, trouble is almost cer- 
tain to occur *at a point where the pipe 
comes through the ceiling and is bent to 
rhn horizontally towards the tank. See 
Figs. 4 and 5. . • 

Cdnvas-Backed Felt. ^Vhcre pipes are 
fixed on the surfaci in exposed internal 
positions, various ‘forms of insulation 
are availkbl^. The commonest type* is 
canvas-backed felt (see Fig. 6). It is 



PIPEWORK : WATER PIPES IN LEAD. fig. 6. 
Canvas-backed felt, used for lagging waterpipes in 
exMsed internal positions. 


obtainable in rolls 24 ft. long by 4 in. 
wide, and is wound spiral fashioji on to 
the pipe ; the canva^ is slightly wider on 
one edge than the felt, to allow for an 
overlap at t;Jie joints. In addition, the 
material is held in position with twine or, 
in better class work, with copper wire. 
This is wound in the opposite direction, 
to ppfevent the felt from becoming 
loosened. 

Canvas - Backed Asbestos Spiral Strip. 
Another form of protection similar to 
that already described, and is fixed in 
a similar manner. The efficiency of this- 
as an insulating material is much higher 
than felt. For general purposes it is 
obtainable in rolls of 18 ft. by 3 in. wide 
and i in. nominal thickness. 

Glass Wool. An efficient insulator, fixed 
in much the same way as the other 
types described ; it is supplied in long 
rolls, and is wound round the pipes and 
covered with canvas binding. 

Slag Wool. Is mostly used for protecting 
pipes run in chases and ducts, also for • 
protecting cisternS bv introducing this 
material between the Boarded casings and 
the storage tanks. Other information on 
ihsulation, both for internal and ex*tcrnal 
situations, is given under the heading 
Lagging. 

a FIXING METHODS FOR LEAD* PIPES 

Too much importance cannot be placed 
on the need for adequate fixing^ of lead’,* 
service and distribution pipes, particularly 
where this metal is used for hot ^ water 
systems. 


Horizontal Pipes. Pipes fixed on the 
surface with pipe hooks, le&d tacks, or 
clips, should be continuously supported on 
wood battens. This method, in addition 
to providing a reliable meaift.of preventing 
the pipe from sagging, also makes much 
easier the work of straightening the lead 
piping during installation. 

Pipes under Wood Floors should, when 
running in th(? same dicection as the 
joists, be supported by ^food fillets fixed 
to same, and the pipe be held in position 
with clips ^r lead tacks. Where small 
diameter pipes run in crosswise direction 
to the joists, holes may be drilled in these 
latter through which piping may be 
reeved or threaded. It is essential, how- 
ever, that each hole should be, drilled a 
uniform distance from the top of joists, 
except where a gradient is necessary. 

Pipes under Ground Floors of wood con- 
struction, and which are supported at 
intervals by sleeper walls, should prefer- 
ably run on the fl#t concrete foundations. 
Attention is drawn to the fact that frost 
protection is ge^ierally necessary, as cold 
air currents can enter through the air- 
bricks usually provided in these .situations. 
• Pipes under Solid floors should be run 
in chases or ducts h^^vkig removable 
covers of similar material ; in cases where 
pipes are laid in solid floors, a felt binding, 
paper wrapping, or a coating of thiclc 
bitumastic paint is desirable. 

Pipes in Roof Space where the ceiling 
joists are not boarded need some form of 
support ; a lay board is usually fixed with 
a slight upward incline toward the cistern, 
or storage tank. Tinned pipe clips are 
generally used for fixing the pipes on these 
boards. . * 

Vertical Pipes. Where run on the 
surface, these in good-class work are 
usually fixed with lead tacks “ wiped ”• on 
to the lead pipe at intervals of 3 ft. and 
screwed to the wall. THe use of 'pipe hooks 
and clips is resorted to in other circum- 
stances, and these are fixed at intervals of 
not more than 30 ins. 

Piping in Chases or. Recesses. For either 
horizontal or vertiq^J runs .the piping 
is •preferably fixed biy lead tacks or 
clips to a back-board provided. In other 
cases, where pipe hooks are used, a strip 
of sheet lead is inserted between the hook 
and®tho lead pipe to p*revent damage. 

The (phases are usually coverefl by 
moulded casings, and are fixed at intervals 
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with screws to allow of easy access for 
inspection! 

Piping bedded in cement renderings 
behind tiles, and other impervious 
materials, such as are now, used in bath- 
roortis, kitchens, etc., must be allowed to 
move freely in the chases provided ; and 
efficient protection is necessary against the 
free alkali that occurs duri/fg the setting 
reactions in cegrient-. Light building paper 
is generally used for this purpose. 


There are certain detrimental features 
that characterize this method of concealing 
piping : (i) access to the pipe is not 
possible unless the tiling is removed ; 
(2) where fixed on the inside of exposed 
external walls, the paper wrapping forms 
no effective projection against da^iage 
by freezing. It is mo^t desirable in these 
circumstances that a, chase be provided 
of 'sufficient dimensions to allow for 
efficient insulation. 


PIPEWORK: (2) IRON, STEtL AND COPPER TUBE 

By J. W. Cowan. A.M.I.H.V.E. 

II 

This article is complementary to those on Pipe and Pipe Fittings, and on Pipe 
Bending. Additional information is here given, mainly on erection and installation of 
• pipework. The sections are : A, Erection of piping ; B, Making connexions. Seeatso 
Screw Cutting. For methods of specifying pipe dttings see Chart facing page 791. 


In these notes it is assumed that the 
material of the pipe — steel or copper — has 
been chosen with due regard to the line 
fluid, and that the pip« sizes and general 
lay.: Lit been decided. (Pipe sizing is 
the subject of specific articles earlier in 
this work. Jointing and bending are deaft 
with under Pipes and Pipe Bending 
respectively ) ^ 

Steel Pipe* This is also known as 
(wrought) “ iron*” pipe, but unless in 
exceptional circumstances, ordinary 
screwed pipe is almost invariably of mild 
steel. When delivered at site in single 
lengths or in bundles, depending on size, 
^he ends are normally wrapped in hossian 
bags, which protect the threads and guard 
against chok^ge during transit. When 
the bags have been removed, the general 
untidiness of a building site makes chokage 
a not lihlikely contingency, and because of 
a danger to valves from a plug of sand or 
earth within a pipe, it is necessary to 
examine each length before placing it in 
position. It is only necessary , to. look 
threPugh large pip«s, and it is customary 
to blow .through smaller pnes. •Water 
from a«hose'is s(>metimes run through to 
ensure freedom from chokage ; th^ can 
be done with advantage ^n all sizes after 
forge-bending, to remove the scale which 
must have "formed &uring heating, and 
which might later loosen and find lodgment 
in a valve. 

Copper Pipe. Light gauge copper tube 
is normally delivered iif boxes about 20 ft. 
long r the smaller tubes are frequently 
packed inside larger ones, from which they 


should be withdrawn for checking and 
stacking at site. It is important that this 
pipe hectored carefully, to avoid bruising 
and damage which \vould make jointing 
difficult and cause unnecessary wastage. 
The following notes, witli the exception 
of those on screwing, apply equally to 
copper and steel pipe lines. 

A. ERECTION OF PIPING 

Two methods of erecting pipework are in 
general use, and both require that holes for 
pipes be left'through walls and floors at the 
time of building ; this is u.sually done by 
building-in short lengths of timber about 
twice the size of the pipe for which the 
hole i'-' required. Jn large buildings this 
calls t.- good supervision and some fore- 
thought, but it is much better practice 
tha^T cutting holes through “ green ” 
brickwork and concrete. 

Two Methods of Erection. In the 
first method double chalk lines are fitted 
through the holes in walls and floors 
between chisel -like spikes about 12 in. 
long, ^ind are so alined and spaced as to 
mark the exact bottorj- and back-centre 
lines of each pipe (as^shown in Pig. i p. 796). 
The brackel s arethen built-in, or suspended 
from girders, etc., so that when the lines 
have been removed the pipes need only be 
cut and screwed to size and hoiste’d into 
position. This is the general practice in 
first-cla^s work, but it requires more 
experienced supervision than is usually 
•available in keenly competitive work.^ 

•In .thtf second method, holes for bracTcets 
ar6 marked and cut, and the pipes are 
fitted finto their ^ approximate positions, 
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and supported temporarily on spikes 
driven into brick joints, and by wire 
slings. When* the pipe levels have been 
corrected and checked, branch connexions 
a^e made and the pipe brackets are then 
fitted round the pipe& and Wiilt into 
position. • 

The first methodt is both better and 
quicker, and is always to be preferred for 

PIPEWORK :• IRON, STEEL, & COPPER. fTr. 1. 
Method of erecting pipework : double chalked string 
lines in place (marking bottom and back-centre lines 
of pipe) for positioning and * 

building-in of brackets. 







welded pipework. As much of the welding as 
possible is done at floor level, and the long 
lengths which are finally hoisted into 
position cannot easily be carried Sn spikes 
during the process of packing up into 
alinement which precedes the fitting of the 
brackets in the second method. 

Alinement. The alinement of pipes 
for different line fluids is discussed under 
appropriate headings {i.e. Gas Fitting ; 
Heating ; Hot Water Supply). Generally 
pipes carrying liquids should rise slightly 
in the direction of flow, and should be 
taken over rather than under an obstruc- 
tion to the straight run ; where this is 
impracticable, the highest point of each 
section must be separately vented by 
means of cither a pipe or valve to prevent 
air-lock. In contrast to this, pipes con- 
veying air, gas and stearn, etc., are re- 
quired to in*th^ direction of flow. 
These pipes are better taken imder an 
obstruction rather than over it, and iiAUSt 
be drained at the* lov\ 3 st point of ea^ rise 
above* the general gradient. 

• The normal alinement of horizontal 
pipes varies % 

from \ in. to i p 

in. in lo ft., and ■ ' 

a Spirit level fl— . — , ^ 

alone is of little Fig. 2. stepped etralgfU-edge 
use in main- ^he thickr 


taining such a gradient. A “ stepped 
straight-edge " as shown in Fig. a may be 
used with advantage, and should be as 
long as possible up to about 10 ft. The 
required slope determines the thickness of 
the step in relation to the length, and each 
section of pipe is alined so that the spirit 
level shows the top of the straight-edge 
to be dead l^\fel. The stepped straight- 
edge is used ij 9 the second method of 
erection, and is seldom shorter than 5 ft. ; 
use spirit levels from 2 ft; to 3 ft. long 
with tempdtary steps for shorter sections. 

In the alinement of the chalk lines in 
the first piethod of erection, light 
aluminium-cased “ line levels " (spirit 
levels) are fised. These are fitted with a 
screwed adjustment at one end in place 
of the step on the straight-edge, and can 
be hooked on to a taut line without 
sagging. 

Reducing Fittings. The correct use 
of these fittings — ^shown in Figs. 10 and ii 
of the article Pipe ♦(4) — is a point of some 
importance in the alinement of pipework. 
The eccentric pattern is- always to be 
jfreferred to the plain concentric type on 
both horizontal and vertical pipes, what- 
ever the line fluid. On vertical pipes the 
ffat side is used to maintain an equal 
spacing from the wall.# On horizontal 
pipes they are used flat side upwards for 
liquid line fluids to facilitate venting ; 
for |iir, gas and steam pipes (including 
condense pipes) the flat side is turned 
downwards to assist draining of moisture. 

Spacing of Supports. Pipe supports 
should be spaced to prevent sagging as 
well as to bear the weight* of the pipes 
(Table I). 

In supporting vertical pipes ^ it is 
essential that a fitting bears directly upon 
Table I— Maximum Spacing, Horizontal Pipes 


Nominal Bore 
Diameter 

t 

L 

I in. (iuid smaller) 
I and I in. 
li in. 

li and 2 in. 

2} and 3 in. 

4 in. 


Distance between . 

Supports 

Steel .and 
Heavy Copper 

Lfght Gauge 
^Copper 

6 ft. 

8 ft. 

9 ft. 

> to ft. 

• 12 ft. . 

]« ft. 

• ■ tfoft. 

6 ft. 

8 ft. 

9 ft. 

. 10 ft. 

• 10 ft. 


Fig. 2. Stepped etralgfit-edge at uted*)n alinement of pipework by the eecond method 
described above. The thickness of the step in relatio? U? length il de“?ml?Kd by 

the reqgirbd slope. 
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each bracket ; unless so fitted, 
a loose-grip'pipe clip can only 
stay the pipe to a wall, and 
cannot bear any share of the 
weight. Sujfports are then 
fitted under the tees of branch 
connexions wherever poss- 
ible : this is usually sufficient 
fof copper pipes but, in tfle 
absence of tees, sockets 
would be prodded on steel 
pipes to suit the brackets. 

Two supports should always 
•be used on a horizontal break 
in a vertical pipe, however 

short it may be ; these may steIil®* ‘copper: 
be fitted cither at A and B oi* Fig. 3. Horizontal 

at A and C in Fig. 3. The JhSwinS 
“ riding action and sagging s'TSnd 

that might result from the a or a and c. Sagging 
use of only one support at ?lpport®o*i!iY. ‘at'^x! 
point X might in time cause Tn® an “a'lr^^’tocroV"! 
either an ^r-lock at B or a trap for condense, 
trap for condense at M, 

Spacing from Walls. To avoid dirt 
traps and to * facilitate^ decoration a^jid 
cleaning, pipes and pipe coverings are 
normally required to 
be from f in. to i in. 
clear of finished wall 
surfaces. An allow- 
ance of I in. for 
plaster requires that 
uncovered pipfes be 
fitted from in. to 
ij in. clear of rough 
brickwork; in addi- 
tion to which due 
:r.Mr-n'o"r^.‘iVy‘SS,"d allowance must be 



I. Sectional pipe "air 
insulations about 1| 
in. to 2 in. in wall thick- 
ness, and normally fitted 

in 3-ft. lengths. • made for any cover- 

Ideal BoMers and Badiajors. UScd. OllC 

inch extra would sometimes be sufficient, 
but sectional pipe covering, whether of an 
asbestos-magnesia compound, or of cel- 
lular construction as shown iu Fig. 4,, 
notmally ranges 4 rom in. to 2 in. in 
wall thickfiess. Supports for copper pipes 
are Usually* of polished brass or copper : 
brackets of the type shown in i 
would be made of bigass ; and light 
distance cjips •(Fig^* 5) are normally of 
heavy sheet copper. ' • 

fi. MAKING CdNNEXIONS 
In the* screwing together of pipes and. 
fittings the too-fr§qu^nt u§e of a wrench# 
can j:ause mudi unnecessary bruising and 
marking.. When a ’pipe is held .in a vice, 
a short ‘length of’ pipe sc^^^ed hand-tight 


into the branch of a fitting provides an 
equal amount of leverage without marking 
the fitting. Where this cannof be used, as 
with sockets, bushes, lateral Y and other 
angle fittings, the first grip should tbe 
maintaitied and the wrench turned com- 
pletely round Vhe pipe to avoid the 
cutting and “ chewing ” action of suc- 
cessive wrench grips. These levers are 
frfequently cut from galvanized pipe for 
cleanliness, and sometimes 
have a number of f-in. holes 
drilled through the wall to 
pievent their being used for 
other p u r p o s e s. \ A useful 
guide to the correct length 
of wrenches and levers is “ 12 
times the pipe size*' from a 
minimum of 10 in. That 
means an iSsin. wrench or 
lever for ij-in. pipe, and 24 
in. for 2-in. pipe ; and adher- 
ence tg this rule will generally 
be found to reduce the num-^ 
ber of split fittings to be buried at site 
shortly before completion. • 

Screwing of Pipes. Notes on this 
operation are given under the heading 
Screw j^utting. See a/so Pipe: (b), page 
769, and under Die Stock. 

Thread, Alinement. There are two 
ways in which a pipe thread may be out 
of true alinement. The first and most 
common is when the prominent parts of 
a thiead have been bruised or damaged 
and ' not lie at an angle of 55 deg. 
betwe ri adjacent slopes. This becomes 
apparent when a fitting cannot be screwed 
on lo a pipe fully half-way by hand. The 
damaged threads may be corrected by 
screwing on the fitting as far as possible 
by hand and then tapping the fitting 
with a hammer : th(^ vibration of the blow 
causes the good threads to straighten the 
damaged ones, and the fitting is then 
screwed on further uutil another blow is 
required. • 

This operation is done without jointing 
pastf^, and the fitting 
must be removed 
and the pipe thread 
paintqid before the 
final connexion is 
made. _ 

, The .second fault, pig. 5. 
had alinement of the dip for Ught 

copper pipe, to 

t£U)p^g Within a tee emure wall clearance, 
or other fitting, 'is not 



Pressec^opper 


Yorkshire Copper 
Works. Ltd. 
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uncommon among wrought • 

irctfi ’ pii>e fittings, and in J' 
the screwed bosses of gal- 1 \/ 

vanized hot water cylinders. ^ — 

This is seen when a pipe has p^mEwoRK : ^ 
been screwed into a fitting exaggfrated) ma< 
or bfc.ss and is found fo * 

kick out of aliivinient tack-wei( 

from the defective (itting. 

Generally, f such a fitting should be 
scrapped, but the fault is frequently 
corrected by making a saw-cut on the pipe 
about I in. behind the thread and aboift 
three-quarters way througji the pipe, so 
that the ^:ut will be oj)cned as the pipe 
is pulled ‘up (or down) into corre t aline- 
mcni. Tlie cut is slightly exaggerated 
ii\ Fig. 6. This is followed by tack- 
welding the cut in situ, and theif by 


• Parallel thread 


Fig. 7. Single longscrew or connector,” according to B.S.S. No. 788/1938; 
used in much the same way as a union. 

completely welding the opening when the socket, so that 
pipie has betm removed from the fitting. will lighten an< 
The Longserew. This fitting, known ^ hemp, 
colloquially as a “ connector," consists It will be sec 
of a short length of pipe with a standard the piipes to be 
taper thread at one end, and a triple- out of alinemcT 
length parallel thread carrying a backnut ended long.scre^ 
and socket at the other, as shown in in that .illustr 
F*ig. 7. It is used for much the same pur- arc too rigid to 
pose as a union, generally to connect or ment a double 
reconnect two sections of the same p)ipc Fig. 9) must be 
line which have previously been fitted of such a fittii 
into position so that they cannot after- less than the dii 


then run off the parallel 

i f —) thread and sefewee^ to the 

^TI adjacent short thread : 

OB I when screwed home this 

PIPEWORK: IRON. STEEL, & .^pckct will completely 

COPPER. Fig. 8. Saw-cut (slightly fUp cVinrf fhrpad ATid 

exaggfrated) made i#i pipe to correct COVCr XnC SnorX Xlircaa, aUQ 

bad atinement wit»i fitting, due to onlv half-WaV off 

faulty tapping of latter. Ready for ,, i 

tack-welding in situ. the longscrew. 

V In order to make a 
pressure-tight joi^t between the other end 
of this socket and the patallel thread of 
the fitting some form of packing is neces- 
sary. Frequently hemp dressed in jointing 
pa.ste is bound round the thread close to. 
the socket, and driven into position by 
the recessed** or “dished" face of the 
backnut whem that fitting is screwed up 
wrench-tight against the socket. It\ better 
work a “ grummet " or previou^y-made 
ring of dressed hemp, 
would be placed bc- 
tween socket and back- 

to be rolled up i3chind 

■ the socket and tight- 
* ened by the backnut. 
When bound hemp is 

Topei^od is important 

^ that the direction of 

jjiB^s.s. No. 788/1938 ; binding 1)0 clockwisc 
from the back of the 
socket, so that the turnmg of the backnut 
will lighten and not loosen the turns of 
hemp. 

It will be seen from Fig. 8 that one of 
the pipes to be connected must be moved 
out of alinement in order to fit a single- 
ended long.screw into the pcisition shown 
in that .illustration^ Where the pipes 
arc too rigid to admit of sufficient ^move- 
ment a double longscreW (as .shown in 
Fig. 9) must be used ; the overall length 
of such a fitting would be about J in. 
less than the distance “ A," in Fig. 8. It 


wards be turned w'ithout unserdWing nnay be rioted that malleable iron sockets 
elsewhere. The short thfead is first normal]|^ have a recessed face. oprrespond- 
screwed into a socket br other fitting on ing to ^the 5 deg. recess of the backnut 
one of the ends to be connected, [ * , ' . 

and the overall *lcnfl^i of the p ^ H 

whole fitting* must q ' » ‘ ' 

b&such that, when ( |[|[^ ^ 

(1 III — a —- — /) 

longer thread will ^ HLT " r-P 

lie ^thin J in. or so of the •Ivt* ^18^8. single longtcrew in ppsitlen for final connexion : 

o ’ short •U-read screwed 'into socket,, and face pf longer 

second pipe, as shown in Fig. 8. • thread l in. f«-om pipe on left. Distance A Is abouf | In. 
The socket of the .longscrew is ? • longer than overall length of^douWe longscrew as shown 


normalll^ have a recessed face.Qorrespond- 
ing to ^the 5 deg. recess of the backnut 
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in^ conjunction 
with which 'they 
provide better ac-' 
commodation for 
a hemp grunvftet 
than the straight' 
faced mild 
steel sockets 
frequently used. 

ConnexidVij 

to Tanks. In pipework : iron, steel, & copper. Fig. 9 . Double longscrew, 

. .... , employed where pipes are too rigid to permit use of single longscrew. Compare 

competitive work wMh Fig. S, page tqb. 

longscrews are 

frequently fitted through previously cut First, it is necessary that'theawujter b(^ 
holes in tank plates, but thi^is not good sufficiently acid to have a 'disceVnibly 
pradttfl, for the reason that wijtcrtightness corrosive action on copper ; and, secondly, 
depends entirely on the hemp grummet. In that the direction of flow be from copper 
good w6rk, single or double flanges are in- pipe Jnto a galvanized tank or cylinder, 
variably used. For a single connexion, as In thpse circumstances the copper in 
an outlet or overflow, a single flange would solution in the water wouftl hasten the 
be bolted to the outside of the tank. For breakdown of the galvanized ])lates, 
a double connexion, as when a supply because both zinc and iron are electro- 
pipe serve* a ball valve inside a tank, positive? to coppe» and dis])lace this 
double flanges are neePssary, one outside metal from solution of its salts, the zinc 
and the other inside, for the separate and iron passing into solution, 
connexion of pipe and >alve. In very Where the position is reversed and an 
cheap work a ball valve is some-times active water flows only from galvanized 
fixed through a tank plate by means of a work into copper, there is much fess 
brass backnut, so tli^t the supply pipb likelihoq^l of trouble ; even then, ho;vcver, 
may be connected to the screwed brass it is not advi.sable to connect the copper 
shank of the valve outside the tank ; this outlet pi pcs, directly to the tank, because 
practice is to be deprecated except, per- of the risk of copper gaining acce.ss to the 
haps, in w.c. cisterns where the lead con- tank during absence of flow and setting 
nexion pipe would take any stress fhere up centres of corrosion near the points of 



might be. 

Local authorities frequently .sjiccify 
the relative sizes and positions of tank 
supply and overflow pipes. In the absence 
of regulations to the contrary, a useful 
rule reouires the overflow pipe to* be two 
commercial sizes larger than the supply 
pipe, and stipulates that the centre of the 
ball valve connexion shall be at least i in. 
above the top oirthe overflow pipe, A niuch 
improvedjyverflow connexion may be niade 
by u’sing double flafUges I ^ 

and scrcWHjg a -M & F — jT 

elbow 'into the inside Qbesh-ss^^sIII. 
flange in order to pro- ** 

vide a full way outlet? as shpwn in Fig. lo. 

Electrolysis : 'Cop|/er & Galvanized 
Tanks. Accelerated corjosion of galvan- 
ized tank plates is sometimes brought * 
about by the natural flow of 'static 
electricity beeause.pf the u§e of copper 
pipes ^ in tfie same installation. - The 
conditions pnder which this may occur 
should be- dearly understood. * 


connexion. 

This play be prevented by fitting 12 
inches or so of galvanized pipe between 
^the tank and the copper pipe to ensure that 
whatever action there may be shall take 
place within the comparatively heavy- 
walled galvanized pipe. It should be 

noted that attempted “ insulation '' of 
the co|)per by means of 

^Tank Plate rubber washers is useless, 

« • and can in no way retard 

« a ^ ^ch cormsion. . 

][| ^ Bec&use of this tendency 

. both zinc and iron 

' Fig.io.*Doubi. to ‘Nfictroplate ” them- 
flanges apd M SClVCS On tO COpper,* .lt IS 
used *jn ®ove(% important in the case of 

3.cid waters that care be 

to tank, in or- _ 

der to provide taken to exclude copper 
|- fuiiway outlet, f j.qj^ galvanizcd w^k, 

ip •which, they would set^p centr^ of 
corrosion and would accel&ate the wasting 
of bj)tl^ the zinc coating and the ferrous 
plate. (S^^ectrolysi^.) 


Fig. 10. Double 
flanges apd M 
i and F elbow 
used in over- 
flowconrusxion 
to tank, in or- 
der to provide 
■ fullway outlet. 
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identification of Pipework* Biidsh 
Sfandard ^17 of 1942 details the standard 
method of marking ser\dce pipe for ease 
of identification in buildings other than 
chemical works. An explanatory summary 
te given. The compete Standard is 
issued at 2S. 6:1. post ^ree, by the Britishl 
Standards Institution^ 28, Victoria Streep 
I^ondon, S.W.i. *' 

System of Identification 

Kach serviie shall be distinguished by a stan- 
dard basic colour, as column 2 of Table 1 . The 
purposes of the different pipes within e^^ 
service shall be indicated by the appropriate 
etters, as .f:oluivm 4 of Table II, painted in the 
contraliliag c,olour shown in column 5. 

Where different classes of one service are con- 
tained within a recess or wall 'base, the accgi>s 
(Joor of the chase shall, be pair. ted in the basic 
colour of the service, and provided with the 
several identification letters of fhc different pipes. 
In addition, if desired, the function of a* control 
valve may be specially indicated. 

Application 

The pipes should preferabl}' be painted in the 
standard basic colour throughout theft- length. 
Alternatively, sections of each pipe, not less 
than 12 in. in length, may be .so painted acljaccnt 
to all branchy's, control jioints and junction 
boxes. If desired, one 
or more such sections of 
pipe may also be so 
painted, in each compart- 
ment 'of the building 
through which the pipe 
passes. 

The identification 
letters shall be painted 
on the pipe in a position 
adjacent to all branches, 
control points and junc- 
tion boxes. Where the 
basic colour is painted 
only on sections of the 
pipe, the lettering shall 
be on the sections. 

If desired, the name 
of the class of service, 
shown by initial letters 
in column 4 of Table II. 
may be painted in fuM. 

The words " High Vol- 
tage " and “ Petrol ” 
shall always be in full. 

W'’here necessary,^ an 
arrow in the same con- 
trasting colour as the 
lettering, indicatit\g th^ 
direction of *low of flujiw; 
may be added. 

• All identification 
letters shall be so painted 
as to be plainly visible at 
the angle from which the 
pipgs are most readily 
viefcd. 


Size of Lettering 

Block letters shrdl be used of* tho« following 
sizes ; / / 

On pipes 2 in. dia. and under . . . . }in. 

On pipes over ^2 in. dia. ij in. 

The arrow, where used, should be of the. fol 
lowing lengths ; 

On pipes 2 in. dia. and under . . . . 3 in. 

On pipes over 2 in. dia. 6 in. 

The standarcNcolours shall be in accordant 
/ith the British Jj^andard Scl^iule of Colour: 
or Ready Mixed Paints (B.S!^ 381). 

Note : Where a pipe carries a high tempera* 
lure fluid, a^suitable paint should be used. 

Table I 

SUMMARY OF COLOUR SCHEME* 


7 -X - 

Service 

- .. _• 

Basic Colour 

Co^rasring 

Coiwur 

Air 

White 

Black 

DraiiLa;?o 

Black 

White 

lilectncity 

Orange . . 

V*irious 

Gas 

Deep Cream 

Black 

Oil 

I.ight Brown 

White 

Petrol 

Light Brown 

Red ill black 



rectangle 

Ri».f rigor. -It ion . . 

French Grey 

BLack 

Steam 

Crimson 

Aluminium 

Water, fresh, cold 

Azure Blue 

White 

Water, fresh, hot 

Sky Blue 

•Black 

Water, central heating 

^Brilliant Green 

White 

Water, fire service 

Signal Red 

White 

Water, sea (or salt) 

Sea GnMfii 

niacK 


—J 




Table IT. IDENTIFICATION TABLE (abbreviated) 



^ Basic Colours 

Identificatior 

Letters 

Service 

Colour 

B.S. 

No. 

Le|terfhg 

Contrasting 

Colour 

Air 



0 


Viciiuiri 

White 



AV 

Black 

Compressed 



AC 


Ventilation Inlet . . 


— 

AI 


Ventilation pTtnict 


— 

AE 


Note : PressuR* mi lb. per s(|. ii; gauge should he iiulirated wImtc 

necessary. 

Drainage 





Soil 

Waste T 

Black 

— 

DS • 

White 


— 

DW 


Rain and Surface . . 



L DR 


Vent 


— 

DV 

• 1 

Steam 



• 


Saturated 

Crimson 

40 

ss 

Aluminium 

Superheated . . 


40 

SM 


Exhaust 


40 

SE% 


Condense 

• »• ^ 

40 

SC 

:: * 1 

1 Note : Pressure in ll>«pcr sq. in. gnugi' sb nild be indicated jvheil. necessary. 

ER 

Fresh Water, Cold • 

• 

9 

• • 


'Town Main 

Aziirtf Blue 

4 

WCT 

•White 

Well Main ^ . . . 


4 

!' WCW 


Distributing . . 


4 

WCD 


Distributing 


• 

t 


(softdned) 


4 . 

’ wes • 

• 

Hydraulic Powee . . 


4 'I 

WCP * 


Fresh Wajer, Hot : 
Service • 

Sky Blue 

f 

\WHS 

Black 

Vent . . . . ^ . 

X 

WHV 


Cold Feed ■ 


1 

WHF 


Overflow . . .*- 

i 


X 

*WPv> 

— • — - 

« >* 


END* OF VOLUME II 
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